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@ Back-up uninterruptible power system. 

(B) A l>ack-up intermptible power system has a 
power supply path from input tenminals connec- 
ted to AC power system lines to nomnally supply 
power to a load. Upon the occurrence of a line 
fault, a static switch in the power supply path 
interrups the connection between the AC power 
lines and the load and an inverter is turned on to 
provide derived from an auxiliary battery 
through a transformer to the power supply path 
to supply AC power to the load. By using the 
static switch, switching from line connection to 
backup power can be done quickly, within a half 
cyde, so that substantially no intemruption of 
the output waveform is observed. The inverter 
can be operated to provide a communication 
pulse to the SCRs in the static switch. Une fault 
detection is carried out by creating a digital 
wavefomn composed of an average of prior 
cycles of the AC input waveform. 
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, This applicati n includes a microfiche appendix listing of a computer prc^ram having 123 frames. A portion 
of the disclosure of this patent document contains materia! which is subject to copyright protection. The copy- 
right owner has no objection to the facsimile reproduction by anyone of the patent document or the patent dis- 
closure, as it appears in the Patent and Trademark Office patent file or records, but othenwise reserves all copy- 
5 right rights whatsoever \ ^ > ^-^ , , : - . 

FIELD OF THE INVENTIpN - 

This invention pertains generally to the field of electrical power systenrte. and particulaily to uninterruptible 
10 power supplies or systenris. ^ ' . 

BACKGROUND OF THE INVENTION 

UnintenxiptiWe power supplies or systerris(comrhb^^ are used to provide back-up pow- 

16 er to critical loads such as comif)uter systems where a loss of line power can result in the iritenruption of programs 
and the loss of valuable data. Uninterruptible powersupplies may also provide a line power oondittoning function 
to ensure that transient spikes, low-voltage conditions, or distorted power wavefonns on the AC power system 
do not disturb the operation of the computer which is supplied with powar through the URS. Typically, the UPS 
includes a battery which is interfaced through an inverter to the AC output line. One type of UPS operates such 
20 that when a ffeiiilt occurs in the input AC power, the inverter is controlled to provkle power from the battery to 
the AC output line at the saine frequency and with sulistantially the same waveform as the normal Input AC 
power, it Is desirable that the switching at the time of fault Is accomplished as smoothly as possible so that 
substantial transient spOces or dips in the waveform supplied to the AC output line do not occur 

In double conversion UPS systems, the AC power is rectified to a DC voltage which is applied, in parallel 
25 with the battery voltage, to a constantly running inverter If the inverter fails or is otherwise unable to supply 
power to the load, and AC power is still available finom the AC power system, a bypass is usually provided around 
the UPS which is switched in to supply line power directiy to the load. Ordinarily, however, the inverter runs 
constahlJy so that line pow^ Ifthe line powerfails, the output inverter 

continues to operate, but now delivers power from the back-up power source (usually a battery) to the critical 
30 load. The input rectifier is normally able to prevent bade flow of power frorh the battery into the main power 
systerri. but in some cases a irelay may be provided tb diisconnect the rectifier from the AC power nrmins during 
a power outage or a brownout to electrically isolate the ba^ 
* ; and thus to the AC power mains. Because the converter is conistantly rurining and supplying power to the load. 

rapid switching to discbnriect the power mains from the UPS upon power failure is riot necessary to avoid in- 
35 terruptipns or.glitehes in the power supplied to the load. Rapid switching is required, however, if the inverter 
itself fails knd it is necesMiry to switoh the load directly to the AC power mains, with the typical result that a 
momentary interruption in power supplied to the load occurs. Because the inverter in a double conversion UPS 
is operating constantly, energy is constantly consumed by the UPS itself. The inverter must also be sized and 
rated to operate constantly under ail load conditions, th^ 
40 In UPS systems which ix^\zB a femoresonant transformer, the inverter need not be running constantly since 

power is normally delivered fron^ the AC power nriains through the ferroresonant transfbnmer to the load, with 
the ferroresonant transformer providing transiisnt iRItering of input line power and some compensation of short 
power disturbances. Upon detetctioh of a power outege or brown-out on the AC power lines, an AC switch can 
be opened to disconnect the primary of the feniores^haht transform the AC power mains and an inverter 
45 is turned on to supply power from a battery to an auxiliary primary of the femDresonant transfonmer which then 
takes over the jot> of supplying the power to the load! Because of the energy storage and wavefonm smoothing 
chjaracteristics of the ferroresonant transfdrmer, thia switching events, if properiy timed, will not significantly af- 
. feet the waveform of. the outjput voltage provided from the secondary of the ferroresonant transfomner to the 
load, resulting in "no break" power to the load. An example of a ferroresonant UPS system is shown in United 
50 States patent No. 4,692,854 to Richard V. Baxter, et al. entitled Method and Apparatos for Modulating Inverter 
Pulse Width, ' 

In certain oth r types of back-up power supplies, the AC poweir mains are nonmally connected directly to 
. the loaid. and an inverter. is turned on to supply power to the load typically only when the AC power niains fail. 
An adyanteg of such systems is that the direct connection of the AC power lines to the load during nonmal 
55 operation avoids nergy loss in the auxiliary power su pply and allows relatively less expensiv and I ss c nv 
plicated inverter componente to be used since the inverter will be operated infrequently. However, because the 
AC power mains are ordinarily directly connected to the load, upon failure of th AC power mains the auxiliary 
power system must first disconnect the load from the AC power system and then turn on the inverter to supply 
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power to the load from'the back-up power source, e.g. a battery. The switching time required can extend over 
a significant portton of a 50 Hz or 60 Hz power system cycle, or even several cycles, often resultng m a mo- 
mentary disruption of power.supplied to the load, or at the least a significant distortion of the wavefomn of th 

- power supplied to th load. For safety reasons, the battery and inverter of the auxiliary power supply must be 
5 dectrlcal isolated from the AC po^^ 'y^* ^ 

- ^ switching times as compared to a 60 Hz wavefomi cycle, Further, the opening of the relay switches while power 

current is still being supplied through them from the AC power system to the load (as dunng a brown-out as 
opposed to a total power failure, or where a glitch or wavefbmi distortion condition is occumng in the AC power 
system which requires disconnection of the power system from the load) arcing, sticking or even welding of 
10 the mechanical relay contacts can occur as they are rapidly opened while carrying current in an attempt to dis- 
c connect the load from the power system. * .^^^ fh^ awiiK, tn 

In a UPS system in which the inverter is not constantly running to supply power to the load, the ability to 
raoidl v and accurately detect failure of the AC power system voltage, while avoiding unnecessary operation of 
the UPS is a significant consideration. Generally, it is desirable if the UP^ can detect power outages within a 
15 fraction of a 60 Hz half-cycle so that the UPS can be switched to supply power to the load within the same half 
. cycle as that in which the.power toss from the AC power system was detected. An adaptive system for detecting 
power outages in UPS systems is described in United States patent applicatton serial number 07/404.902. filed 
Septembers 1989 by Richard V. Baxter, Jr. et al., entitied Method and Apparatus for Line Power Monitonng 
for Unintemjptible Power Supplies, the disclosure of which Is incorpor:ated herein by reference. The system 
20 < disclosed in that patent applicatton adaptively produces a reference waveform to which the present AC power 
s\«tem wavefomi Is compared in a microprocessor. The reference waveform is a composite of data from a ser- 
ies of prior waveform cyctos which changes at a relatively slow rate so that a rpoderate change in the voltage 
^ waveform indicative of a fault win be deWed,,while the reference can norie^^ 

tematlc distortions of thejine power which deviatejifom a pure sine wave, but which are not indicative of power 
25 line failure. SO as to avoid unnecessary switching of the UPS^ 

SUMMARY OF THE INVENTION r,:.. r ^ 

The back-up uninterruptible power s^tem^qf the. present invention proyides substantially direct and effi- 
30 cient connection of the AC power mains to the.,ciitical load during nomnaf conditions on the AC power system, 
so that relatively little energy is consumed In noirnal operation by the back-up power system itself. A power 
failure on the AC power mains is rapidy andaccurately detected by the back-up power system, which rapidly 
isolates the AG power mains from the load an;! provides AC power, derived fipm a DC power source such as 
a battery, to the critical load vyith sufficient speed tha no intenruption in power is seen by the load. A critical 
35 load, such as a computer, thus will not have its power intemjpted sb.as to lose data or otherwise intenrupt its 
operation during the switch-over from AC line power to back-up power. Typically, the transfers from line power 
to back-up power are accomplished in a fraction of a cy^ 
; • ' ^ The back-up power system includes a mairi transformer which has a secondary connected across the lines 
fonning the powersupply path through the ba^^^^^ anda primary connected to an inverter wh^ 

40 is supplied with DC power frpm a storage source such as a battery. A relay; and a static switch, the latter com- 
posed of semiconductor switches such as SCfe. are.connected in series tietween the input temninals of the 
back-up power system and the transfonrier., During nprnial supply of AC power to the load from, the power mains, 
the relay contacts of the. rejay and the static switching devices are both,c|osed to provide a direct connection 
of power to the load. Upon detection of line.power failure, the static switoh is rapidly turned off. in a fraction of 
45 r a 60-Hz power cyde. and the inverter^is turned on. to, supply power to the load: Where SCRs are used as the 
* . . ; switching devices, the inverter is operated to provide a commutation voltage through the main transformer to 
: • force-commutate the SCRs and thereby ensure inverter frorp the AC power lines. The turn-off 

^ of the SCRs and.the tum-on.pf the. inyerter is cgr^^^ in a very short period of time so that little or no chang 

is seen in the output voltage wavefor^n during,the switchover. Potential switching tranisients are further mini- 
50 mized by a low pass filter in the power path to the load. AFter the static switch is openedi the contacts of the 
• relay are opened, under zero current flow cpnditionSs. to provide open circuit isolation of the input terminals of 
1 the back-4jp power system from the load. . .. 

Rapid line power failure d tection is ifacilitated by a microproceissor controller which examines the input 
power.and creates a reference, wayefonn composed of a historical average of prior input cydes. The r ference 
55 waveform, is provided through a digital-to-analog convert:er to an analog comparator which compares the AC 
input signal to the reference voltage, the latter t>eing read out by the microprocessor ph^se locked to the in- 
coming AC signal. A selectable offset is provided bietween the incoming AC signal and the reference to define 
. a tolerance band within which deviations of the AC input waveform from th nonm will hot trigger operation of 
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the back-up power, system. The tolerance band is preferably widest n ar the zero crossings of the wavefonn 
toavoidunnecessarytriggering of a switchover to backup power. ' : 

The reference voltage generated by the microprocessor preferably is also used during inverter operation 
to provide a pulse width modulation (PWM) reference, with the switchinjg deivices of the inverter o to 
provide the desired PWM pulses to the primary of the transformer, and the voltage at the secondary is supplied 
through appropriate low pass filtering to the load to provide essentially a sine waye sfiaped output voltage vta- 
vefomi to the load. The reference waveform is preferably compensated for power factor of the load, and the 
switching devices of the (e.g., H bridge) inverter are monitored to ensure that the through 
the switching devices (e.g., power FETs) does not exceed' a selected limit. A prefen^d H bridge construction 
includes multiple switching devices in each arm of this bridge, with the top anms containing fewer paralleled 
switching devices than the lower arms, and with the lower anms operated tb allow free-wheeling of current 
through the lower switches during periods between the pulses of the PWM wavefonm generated by the inverter. 
In this manner, the duty, cycles of the individual FETs in the bridge are substantially balanced so that dll devices 
are stressed approximately equally. 

By utilizing a main transformer having an intenmediate tap or taps, and a bpo«t relay connected in the power 
supply path between the static switch and the transformer, under low power cohditions from the AC power sys- 
tem which are indicative of brown-out but not total power system failure, the back-up power system can be op- 
erated to boost the voltage supplied to the load. The power system momentarily disbonnects the load from the 
AC power lines, supplies power to the load from the inverter, switches the boost relay to connect to an inter- 
mediate tap of the transfomner. and thereafter shuts off the inverter and reconnects the AC power lines. The 
connection of the AC power to an intermediate tap of the nrialn transformer results in ah Increased voltage pro- 
vided across the full secondary winding of the transformer as applied to the load, with the transformer thus ef- 
fectively operating as an auto-transfonmer. In this manner, the effective voltage applied to the load can be main- 
tained relatively constant despite drops in voltage from the power mains. Upon return of the' power mains to 
nonral AC voltage levels, the process can be reversed, i.e., by opening the static switch to disconnect the AC 
power lines from the load, supplying power from the inyerter to the load, changing the position of the contacts 
in the boost relay back to their normal position, turning: off the inverter, and thereafter dosing the static switch 
to reconnect power from the mains to the load. Because switching betweien line power and inverter power is 
accomplished quickly and without output waveform distortion, the load sees a' substantially continuous output 
voltage waveform. > , . - , , ]> ^ 

In the present invention, the main transfonmer and the H-bridge type inverter are advantageously utilized 
to provide charging of the battery during nonmal supply of AC power frorn the mains. Under normal conditions, 
the secondary of the main transfonmer functions as a primary to provide an output voltage on the transfonmer 
winding which is connected to the inverter. The intrinsjc diodes of the switching devices in the lower arms of 
i the H-bridge are used as rectifiere, fonming two anms of a full-bridge rectifler which is connected, to one side of 
the transfomier winding, and with rectifying devices connected to the other side of the transformer winding 
through a main charging 'device to the battery. The main , charger preferably Includes a boost controller which 
serves to boost the output voltage from the rectifying devices to'the desired voltage level required to charge 
the battery. - . . r - ... 

A further prefen^d feature of the back-up power system is tiie provision of multiple^outlets to which several 
consuming devices can be connected. For example, the back-up power system may provide power separately 
to a computer and to its peripheral devices such as printers, CRTs, disk drives, and so forth. The power supply 
of the present invention may be operated so that the consuming device connected to a master outlet controls 
the turn-on and turn-off of power to the other outiets. e.g., the turn-off of the main computer by tfie user will 
result in shutdown of power to the peripherals! This, i$, accomplished by monitoring tiie current supplied to the 
master outiet, and closing relays.in power lines connected to the slave outiets as long as cun-ent continues to 
flow to the master outiet. When power to the master, outiet is interrupted, the relay contacts at the slave outiets 
^ are opened to shut off the power to the auxiliary devices connected to. the slave outiets. , 

A main controller monitors the input voltage to the system, the output cument, and tfie various state con- 
ditions of the power system. The controller, which may utilize a microcomputer or microprocessor, controls the 
operation of the system to ensur rapid d taction of line failures. ;COordinated turn on of the invert r to supply 
power to the . load, and the reconnection of the power to the load upon restoration of power on the AC power 
system, as well as controlling the other functions of the system in an efficient and cost effective nmanner. 

Furth r objects, features and advantages of the indention will be apparent froih ttie following detailed de- 
scription when taken jn conjunction with the accompany'ing drawings. . ^ . , 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: , , , ^. ^ . *: 

Fig 1 is a block diagram of "the back-up uninterruptible power system of the present invention. :^ 

Fig. 2. is a simpimed schematic diagram of the electrical power paths through the back-up unlntenuptible 

power system of the present invention: 

Fig. 3 is sa graph illustiBtiilg. the comparison of line voltage waveforms to a reference wavefonm. 
^ Fig. 4 Wa graph further iilustirating the fonmation of the reference wavefonm and the comparison with the 
line voltage waveform under various operating conditions. 

Fig. 5 is a schernatic circuit diagram of the line fault detection circuitry in the back-up power system. 
- Fig. 6 is a schematic circuit diagram of a pbrtion of the controller of the present invention showing the pulse 
width modulation and ooinperisation circuitry. ^ . , 

Fig.'7 are graphs illustrating the fonmation of the voltage refererice wavefomn forthe pulse width modulator 
under various system conditions, pahiciijkrly a leading power factor load. . 
.Fig. 8 are graphs showing the yraveforms in the system including the generation of the voltage reference 
waveform fbr pulse width rnbdulation, particularly for distortion power factor load. 
Fig. 9 is a schematic circuit diagram of the line relay and static switch and associated control circuitry. 
Fig. i d is an illusfrative block diagram showing the control components for the static switches in the H- 
bridge inverter, 

frig. 11 are graphs showing timing diagranns for the turn on and off of the various switches in the inverter 
' bridge. " ' ' " . ,. ' • • . _ . .^^ 

f;lg..12 Is a schematic circuit diagram of the PWM modulation circuit which detenmines the length of the 
. pulse tum-on of the switching devices of the bridge. 

F\g. 13 is a schematic circiiit diagram showing the inverter, drivers, and the conduction limit circuit which 
monitors the current flowing through the switching devices of the inverter and detennines when a current 
overload condition occurs. 

FiG. 14 is an exemplary port map showing connections of various signals to an exemplary microcomputer 
which inay be utilized in the controller of the present invention. 

Fig. 15 is an illustrative graph showing tinairisitions between various system states in the present invention. 
Fig. 1 6 is a schematic circuit diagram showing illustrative connections between a preferred microprocessor 
and an exernplary firogrammable logic array which is utilized for pulse width modulation and static switch 
control. 

Fig. 17 is a slate flow diagram which depicts the state transitions under various con ditionsJn the back-up 
power system. r - " [' ' • . - . . 

Fig. 18 is a sciiematic circuit diagram showing the P\NM time constant hBference reset circuit, . - 
Fig. 19 is a table showing exernplary control equations for operation of a prefen-ed programmable logic array 
device in accordance with the present in vehti . . 

Fig?20 is a schematic circuit diagrarn Of the autoload sensing circuit which may besutilized in the back-up 
Vpowersysterhof the present invention: ' ' • - 

Fig. 21 is a scherriatic circuit diagrarri showing the autoload sehse circuitry which controls the autoload cir- 
cuit of Fig. 20. ' ' = . - ' • 

Fig. 22 is a schematic circuit diagram of a main battery charger circuit which may be utilized in the back- 
, up power systerh of the present inventidn^' ^ 

DET^LeD DESCRIPTION OF THE INVENTION ; 

With reference to the drawings, a block diagram which provides an overview of the back-up unintenruptible 
power system of the invention iW shown generally at 30 in Fig. 1. This block diagram is somewhat simplified 
and abstracted to best illCistrate the' main functional units of the system and their intenrelationship. Reference 
should be made to subisequent descriptions of the functional units to detemiine the actual operation.of the sys- 
tem. AC power is received from the lines of an AC power system (e.g., from power utility mains) at input ter- 
minals such as an iniet plug 31, and this AC power is filtered by an electromagnetic interference (EMI) and 
surge suppression circuit 32. the filtered AC power is provided on a power supply path 33 serially through a 
pontactbr relay 34, a stattic switch 35, a boost relay 36, and an output filter 38 to AC output terminals 40 to which 
the critical load, e.g., a computer^ is connected. As explained further below, additional slave AC.outlets 42 may 
repeive povyer from th output filter 38 through^an auto load control circuit 43. The functions. of each of these 
components are discuss d further below. ' • ■ ^ ' - ^ . . . : 

During normal supply of AC power to the' power isystem input tenminals 31, the relay contactor 34 and the 
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static switch 35 are closed, providing electrical continuity therethrough and supplying AC power on th p wer 
' supply paththroughtheoutputfllter38totheoutputterminals,theoutlets4pand42. Asdtecusse^ 
the boost relay 36 cooperates with.the main transformer 44 during low AC line vbttagiB conditions to help boost 
the output voltage provided to the AC output tenninals when the AC power has not completely failed, but is not 

5 providing a sufficiently high output voltage (a brown-out condition). When power from the AC power mains fails, 
an inverter 46 is turned on. and DC power is supplied to the inverter from an auxiliary power supply 47 on a 
DC bus 48. The inverter supplies AC voltage to the primary of the transformer 44, which then provides output 
power on the output line 37. The low pass output filter 38 filters out any switching transients so that the output 
wavefbnm is continuous and undistorted during the switchover from line power to jnverter and back aigain. To 

10 prevent backflbw of power from the main transformer 44;to the failed AC power system,, the static switch 35 is 
first turned off to cut the power flow through it before the inverter supplies power to the load, ^nd then the relay 
contactor 34 is opened up to provide galvanic isolation of the transfonmer 44.from the AC power system. 

The battery 47 (e.g., 24 volt storage battery) is preferably charged in two ways: first, from powe>r supplied 
from the main transfonmer 44 wherein its primary now acts as a secondary, extracting power froin the line 37 

IS through a main charger 49 which is rectified, as by a diode 50, and supplied to the battery. 47; and second, 
from the AC power system through a line monitor transfonmer 53 rectified by a rectifier 54 and provided to the 
input of the main charger 49. ; : , , , 

The line monitor 53 monitors the voltage from the AC power system after passing.through the EMI filter 
and surge supressors 32 to allow a detenminatlon of when the AC |>ow<er system has failed completely or when 

20 its voltage has dropped from nominal voltage levels. The signal from the line monitor 53 is passed to a system 
controller, shown within the dashed lines labeled 56 In Fig. 1. The controller 56 also receives a^ignal from a 
current transfonmer 57. which Is connected to the output power lines 39, to provide the controller with information 
indlcath/e of the cunrent being delivered by the back-up power system 30 to the power consuming equipment 
The controller 56 functions to monitor the condition of the system and to control its various conrtponents in . 

25 reaction to system conditions. In addition to the line monitor 53 and the current transformer 57, a battery nionitor 
61 is used to monitor the voltage of the battery 47 and to provide a signal to the controller 56 iridicating th 
state of the battery. The controller 56 includes a metering and moriitpring circuit 62 which receives the signals 
from the battery monitor 61 and the line monitor 53, a cun-ent signal processing circuit 64 which repetves th 
signal from the current trarisformer 57, a microprocessor system 66; with assodated memory and input and 

30 output disvices, which receives the signals from the monitoring circuit 62 and from a llrie-fault detection circuit 
68 ancf provides control signals on lines 69 to the relay contactor 34, on a line 70 to the static switch 35, on a 
" lihiB 71 to a boost control circuit 72 which provides a drive signal on a line 73 to the boost relay 36, on lines 74 
td the auto load circuit 43, and on lines 75 to a wavefonm reference generating circuit 76. The microprocessor 
66 can communicate on input and output lines 77 to display and contrd circuits 80 (e.g., LED displays and a 

35 keyboard, with appropriate control and drive circuitry) which allow communication with the user, and through 
communication ports 81 to peripheral equipment The output signal fronri the current transformer 57 is also pro- 
vided oh a line 83 to the metering and monitoring circult 62 which provides its signal to the microprocessor on 
a line 63. The output of the monitoring and metering circuit 62 is also provided on a line 85 to the reference 
generating circuit 76. The output of the reference generating circuit 76, which is explained further below, is pro- 

40 vided to a reference compensation circuit 94. while in turn sends a signal to a pulse width modulator 87 which 
provides signals to a programmable logic (PEEL) circuit 90 which provides drive signals on lines .91 to the in- 
verter 46. The PEEL logic 91 also receives a signal on a line 92 from the lirie fault detection circuit 68. The 
output of the reference generating circuit 76 is provided to the line fault detection circuit 68 and to a reference 
compensation circuit 94 which receives the output of the current signal processing circuit 64. 

45 As is also shown in Fig. 1, a housekeeping power supply 95 receives power from the battery 47 or from 

the chargers supplying power to the battery, and provides the various levels of power required by the operating 
components of the system 30. 

' The foregoing provides an illustrative overview of the main functional components of the power system 30 
and their interconnection. These units are described in further detail below. 

50 A somewhat simplified schematic circuit diagram of the main components in the power flow path of the back- 

up uninterruptible power system 30 is shown in Fig. 2. The input tenninals 31 of the system 30 indiide a live 
or high line 100, a low or neutral line 1 01 , and a ground line 102 which is adapted to be connected to th ground 
of the AC pow r system. The surge suppression and protection circuit 32 includes a fuse 103 and varistors 
104 and 105 connected between the high line 100 and the ground lin 102 and between the high line 100 and 

55 the neutral line 101. The line 102 is also preferably connected to chassis ground. A main power fuse 103 is 
connected in the high line 100. The power across the lines 100 and 101 is provided to the voltage monitor trans- 
fonmer 53, which is protected by a fuse 108. The line relay 34 preferably consists of an upper relay contact 111 
and a lower relay contact 1 12 so that both of th lines 100 and 101 are isolated from the rest of th backup 

6 
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power system 30 when the relay 34 is open. Th output power from the relay 34 is filtered by a capacrtor 13 
connected between the lines 100 and 101. and by capacitors 114 and 115 connected between the lines.100 
and 101 and ground, to filter out high frequency noise and any transients involv d in opening or closing th 

'^'^^lie static switch 35 preferably cbnsists of two controllable semiconductor switching devices, illustratively 
shown as thyristors (SCRs) 1 17 and 118 in Fig. 2. which have their gates connected to. a static syfitch driver 
circuit 120 The butput of the'^static switch 35 is provided to the relay contact 122 of the boost relay 36. When 
the relay Contact 122 is in the lower position as shown in Fig. 2. power is provided to an intermediate tap on 
the main transformer 44 lb provide an auto-trahsformer type boost function, resulting in an increased output 
voltabe across the output terminals 123 and 124 of the secondary 125.of the.transfomner to compensate for a 
decrease in the vbltage provided by the power system to the input temninals 31 . Although only a single tap is 
shown in Fig 2 the boost relay 136 may have several independently switchaWe relay contacts to proyide mul- 
tiple tap odhnfebtions to the secondary 125 at different points Jn the secondary to thereby allow the choice of 
the amount of voltage boost prov^^^^ ■ 

The low pass output filter 38 includes a filter indufctor 128 connected in series in the upper output line 39a. 
&hd a capacitor 129 and varisto^ 1 30 connected across the output lines 39a iand 39b. This fOter filters out the 
high frequency compohehts of the pulse width-modulated wavefonm provided from the inverter. It also effec- 
tively serves to provide sufficient energy storage; primarily In the capacitor 129. to ensure continuity of the out- 
puWoltage waveform between the thru-off of the static swi^^ 

The inverter 46 preferably comprises an "H" bridge inverter as shown in Fig. 2, having four switching de- 
vices 1321^^35 connected in a bridge configuration; receiving power on the DC bus line 48 from the battery 47 
and ratiiming through ^a comrhon 1 37; with the Output voltage of the:inverter connected to output lines 1 39 and 
140 leading to th^ prirnary 126 of the transformer^^ 

The switching devices 132-1 35 are preferably power FET devices which may have intrinsic bypass diodes 
141-144, respectwely, as is llustrated in Fig; 2. The intrinsic diodes 143 and 144 of the MOSFETs 134 and 
135 cooperate with diodei 147 ahd r48 in the battery charger 49. the diodes 147 and 148 also being connected 
to the lines 139 arid 140 leading to the transforiner primary 126; During nomial operation, wherein AC power 
is available from the AC power systemlihes. the primary winding 1 26 acts as a secondary, providing stepped 
down voltage from that Available across the terminals 123 and 124 of the transfomner. This stepped down vol- 
tage is rectified by the diodes 147 and 148 on alternate half-cycles, and is passed through a filter composed 
of a parallel capacitor 1 50 and series inductorvl 51 . through a schotlky diode 1 52 and thence on a line 1 53 which 
is connected to the DC bus line 48; When th6 inverter 46 is not operating, the switching devices 132-135 are 
off and the intrinsic diodes 141 and 142 ^ backed biased. Power flows from the battery charger.^ on a lin 
153 to the bus 48 and through protective fuses 154 to the battery 47 (which may be formed of two series con- 
nected 12 volt batteries as shown) to the common 137. and is retumed from the common through the.intrinsic 
diodes 143 or 144 of the I^OSFETs 134 and 135 to either the line .139 or the line 140. Thus, the diodes 147. 
148; 143 and 144 act in concert as fei full bridge rectifier to fully rectify the power; on the lines 139 and i40 and 
apply it to the battery 471 A boost controller 136; described in detail belQw^ is Hlustratively shown as connected 
to the base of a transistor 156 which is connected behwe en the output of the indgctpri 51 and common to provide 
bobst control regulation of the voltage to the battery, as explained further below.»The capacitor 1 58 connected 
between the bus line 48 arid cbmmon MiVesto filter out the peaks in the power on the line 48 so that a relatively 
smoothDG voltage charging level is provided to^the;^^ : : = ^ 

the controller 56 carries aiit the monitoring of the state of the backup-uninterruptible power system 30 and 
control of its various cbmponehts to achieve its.objectives. The operation of the systern 30 under the control 
of the controller 56 is described below, i: • . 

Line Fault Detection ^ - ' ^ ? 

- One method of line-fault detection which has been used in UPS systems samples the AC power line input 
voltage (e.g.. at 32 times per half-cycle) and compares the samples to reference values stored in the memory 
of a microprocessor. The reference values are self-adjusting in that new samples are used to continually adjust 
the reference by an averaging technique. In this way. input voltages that have stationary periodic disturbances 
will hot cause'excessive switching between line and battery power. The conriparison between sampled line vol- 
teg and the reference allows relatively quick detection of fast changing conditions in line yoltege. For slower 
changing disturbances that would go undetected because of ref rence adaptetipn. a calculated value of RMS 
lin voltage is compared to a fixed reference.. : . " - . \ ■ 

in the present invention, line fault detection is preferably very rapid so that the system can be switched to 
provide power from the battery through the inverter to the load within a fraction of a cyde from the point of power 
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line failur . The systempreferably has thre modes of linerfault detection: 1 ) higr speecl detection of line power 
loss for no-break operation. 2) detection of persisting line power faults requiring microprocessor interyenti n. 
and 3) detection of RMS levels that are less than the brownout threshold. , 

The first mode, high-speed detection, is performed primarily in circuitry outside of the microprocessor 66. 
5 Detection of a line fault condition, and action of tiie system to switch firom line power to back-up power, takes 
place very rapidly, for example, witiiin 10 jisec of fault detection. Fig. 5 is a schematic circuit diagram for the 
circuits that operate, witti the microprocessor 66, to perform line-feuU 

Line voltage is sensed ttirough the transfomier 53. The voltage signal from the secondary of thi^ transfor- 
mer is sent through several paths. One of these paths is a full-wave rectifier 59. consisting of diodes 161-164. 
10 which supplies DC power for trickle charging on a line 165 and also supplies a DG voltage signal for line fault 
sensing/These functions are discussed further below. Other paths are half-wave rectifier circuits through di- 
odes 1 66 and 1 67 which function to supply line voltage nnagnitude and polarity information to the microproces- 
sor 66 on lines 169 and 170. respectively. Each half-wave redrfier circuit consists of a nurnt)er of other cbno- 
ponents. In the uppennbst circuit, resistors 172 and 173 scale ttie secondary voltage; a diode 174 clamps ex- 
15 cessive voltages to protect the microprocessor input; and a capacitor 175 attenuates very high-frequency dis- 
turbances that are not relevant to detection. Similar components in tiie lower half-wave rectifier circuit are re- 
sistors 177 and 178. a dk>de 179, and a capacitor 180. The microprocessor 66 converts the analog hi^-wave 
rectified signals on ttie lines 169 and 170 to digital^ signals which are processed to form a voltage reference 
and to calculate the average vsiue of the input voltage. The voltage reference is formed as a composite.of pres- 
20 ent and former samples so that it adapts to diffehsnt lirie conditions. The RMS or average value is used for me- 
tering purposes as well as for detection of slowly changing line disturbances. 

The secondary of ttie transfonner 53 is also connected to the Inputs of a comparator 1 82 through resistors 
1 83 and 1 84. This circuit uses the unrectified voltage from the transformer to form a square wave that Is used 
for line frequency determination and synchronization. Resistors 186 and 187 along witti a capacitor 188 form 
25 a positive feedback circuit The resistor 187 provkJes 1% hysteresis for any input condition at any time. The 
resistCH' 186 and ttie capacitor 188 yield a larger amount of hysteresis just after the comparator output state 
^ a few milliseconds tti#ir effect wiahes. This circuit rejects multiple zero crossings^ich^m^tes^^ 

caused by distortion and noise. A resistor 1 90 is connected between the output line 1 91 of the cwnparator am? 
a 5V supply and functtons as a pull-up resistor to establish the comparator output qs a 5V logic level. The outp^-^ 
30 . signal ftt>m the comparator 182 is connected by the line 191 to a digital port pin (not shown in Fig. 5) of the 
; microprocessor 66. The signal on ttie line 191 is used for a variety of purposes, but principally it is used as an 
input signal for a digital phase-locked loop in the microprocessor: Reference fonmation and reference polarity 
are all synchVonizedia ttiis signal, and line frequency is determined from this signal. 

A comparator 194 is utilized for high-speed line-fault detections The unidirectional voltage reference wa- 
35 veform VR:EF (fonned as described below) is supplied on a line 1 95 to one input of tiie comparator 1 94 through 
a resi^ibr 197. The reference is obtained from the output of a digital-to-analog converter (not shown in Fig. 5) 
and consiste of a full-wave rectified replica of ttie historically averaged line voltage, as illustrated by ttie graph 
labeled 200 in Fig. 4. The actual futl-wave rectified unidirectional line voltage VL is connected through a volt^^ if* 
divider cqmptosed of resistors 204 and 205 and a resistor 207 to the positive inp " 
40 positive input is also connected to common through resistor 210. For static line conditions, the signals "VRt r * 
the full wave rectified input voltage and "VL" should be iapproximately the same. However, at the inputs of the 
comparator 194 these signals are modified to provide a tolerance band for line fault detection so ttiat the state 
* of the iine fault signal LF can b^ carefully controlled. Signal middifications include a resistor 208 which provides 
an offset by biasing the line voltage signal at the input to the comparator 1 94. Since the line voltage signal "VL" 
45 has a peak value of. e.g], 3.3 volts nominally, the effect of this bias is more pronounced at the zero crossings 
where it is desirable to desensitize detection. A resistor 209 is connected around the comparator 194 to provide 
positive feedback, and senses to desensitize line fault detection when the line voltage signal is normal, and to 
make the acceptable tine voltage tolerance band tighter when attempting to return to AC povver system power 
firom battery operation when the AC line power retums. 
50 The operation of tiie comparator circuit is illustrated by the graphs of the reference and input wavefomns 

in Figs. 3 and 4. Fig.'3 shows ttie effect of the resistor 208 modifying line delta (the allowable tolerance between 
the reference and line voltage) as a function of the phase angle. Note that th reference voltag VREF is rep- 
resented by a continuous waveform in Fig. 3, whereas it is actually a stepped waveform as shown at 200 in 
Fig. 4. Fig. 4 shows the composite influence of the resistors 208 and 209. Under line fault conditions (LF=0) 
55 the + input signal to ttie comparator, shown at 21 2 in Fig. 4, is maintained slightty above the line voltage after 
it r toms to normal and before the line fault signal LF cleared. This is a somewhat fictitious situation because 
generally this condition would be present for a short time. After ttie line fault is cleared, tti resistor 209 causes 
the differences between ttie two inputs to the comparator to increase, witti the V+ signal as shown at 213. to 
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establish a reasonable line delta tolerance band. „L.n" /hi^h 

There are other signals which can influence the comparator input signals. One of these is the HD (high 
delta) signal from the microprocessor. Certain applications, such as operation with a small generator as the 
AC line powe/source. may call for a higher line delta signal on a line.214, and this condition may i>e selected 
through the microprocessor: A low level HD on the line 214 will cause th reference input to the comparator to 
be lowered through a diode 215 and a resistor 216. The reference input can also be increased for a short time 
by rheans of the "GP" (guard pulse) signal on a line 218 from the microprocessor. This signal is only effective 
when LF=0 and it prevenfe the system from switching back from battery power to the AC line ppwer at zero 
crossings of the reference voltage. Even a dead power line Input might look normal at zero crossings. The width 
of the guard pulse Is somewhat extended because it is used for another function, which.is discussed below. 
However, the guard pulse needs to be wide enough to mask the effects of across-the-line capacitors at the 
system input when the fault condition is an open line. An exemplary pulse widtti for the guard pulse is 2.2 to 
2 5 msec: arid Is roughly centered at the zero crossing. The guard pulse , is generated by the microprocessor 
and « fed to the reference input of the comparator 1 94 when a transistor 220 is turned on by the signal LF 
being Ibw. A diode 222 provide reverse blocking capability to the transistor switch, A comparator 224 serves 
as a fwnihvefting buffer and a level translator, and the output of the comparator 224 on a line 232.cpnstitutes 
me line fault signa! LF. Certain optional nonstuffed components (a resistor 224 and capacitor 225) would be 
used in the event that a guaranteed minimum operating time on battery is desired. This is not necessary or 
appropnaie where it is desired to have the system operate interactively on a subcycle basis such that battery 
operation can be as short as required. Resistors 226 and 227 fomi a voltage divider which establishes a thresh- 
old at the positive input to the buffer comparator 224. A resistor 228 adds hysteresis, so that output states of 
' the cbfi^arator 224 are ftilly detenmined. A resistor 230 is a pull-up resistor which pulls up the output of the 
corriparator 224 to the +5V logic level. The output of the comparator 224 provides the LF line fault signal which 
is fed through a resistor 231 to the base of the transistor 220. : 

Voltage Refererice Formation ^ - ; 

The method of sensing line voltage has been described above in the section on Line Fault Detection. The 
following relates to* the manner in which the line voltage signal is processed in the microprocessor to form a 
30 • voltage reference. This reference signal can be used, for fast line-fault detection and also as a reference for 
the pulse-width-rrioduiation (PWM) of the inverter during battery operatfon. , 

' As rioted above, the half-waverrectified, lin^-yoltage signals representing positive and negative polarity on 
the lines 169 and 170 are connected to A/D port pins, ANO and AN1. respectively, of the rTiica:opr9cessor 66. 
' as shown in Fig. 6. These analog signals are .^mpled 16 times per half-cycle. During I in^oj^eratiOT ref- 
35 erehce samples are continually updated by factoring into their formation the new line voltage samples^ For ex- 
ample, the stored value for a given sample number can be updated by taking 3/4 of the stored value and adding 
to it 1/4 ofthe present sample. This can be done for each ofthe 32 samplesper cydie in a time coherent manner. 
' Time coherency Is maintained by a digital phase^lpcked loop in the, microprocessor which uses the previously 
described LINE FREQ signal as an input and prpduces the REF POL output signal. A prefen-ed averaging prbc- 
40 ess is described in the aforesaid UiS. patentapplicatioa serial number 07/4p4,'962, incorporated by reference. 

The line fault signal LF. from line 232 of Fig. 5, is connected to port pin PF3 of the microprocessor 66. If 
■ this signal should persist at a low level beyond a settable glitch count, or if th^ calculated RMS level of the input 
voltage goes below a selected brownout threshold, then the .reference voltege will be updated with values from 
' rriemorywithin the microprocessor rather than frpmjine. The stored m 

45 essbr 66are sinusoidal with an RMS output leyel con-esponding to 120 volts. When the line fault is cleared and 
theline input is detennined to have a properRMS level, the reference is again deterrnined by line samples. 
Because of the averaging technique employed^ there is a gradual^lewing of the reference wavefonm from one 
source of input data to the other. Conversely, when the AC line power is restored, the system preferably con- 
tinues to operate on the inverter.for .a short time during which samples of line voltage are used to update the 

50 reference waveform and to phase lock the reference to the Incoming AC wavefomi before switchover from in- 
verter to AC line power. . , ' ; ; . 

Fig. 6 shows the main circuitry associated vvith reference fonnatipn. the digitally generated reference data 
is converted to an analog signal by means of a.digital-to-analog (D/A) converter 235 which lis an 8-bit. high- 
speed, current^output device. The ifnicroprocessor 66 outputs the reference .waveform digital data synchronized 

55 '■ in frequency and phase by the phase locked loop tp the incoming AC line powjer Complenie current out- 
puts ar available on pins,4and 2 f the converter 235- An operational anripiifier 237 converts* the currem signal 
to an analog voltage reference op an output ljne,238 which is connected tp the line 195 of Fig. 5: The nominal 
magnitude of th voltage reference VREF has a peak value of 3.28 volts. , . , 



EPO 514171 A1 ■ 

To save cost on systems with lower power ratings, it is possible t ayoid the use of an output voltage sensing 
transformer, arid to use the main power transfonmer 44 for this purpose. However, since the tiansfonmer 44 
carries substantial current during inverteroperatipn, the voltage drops across the primary^and secondary wind- 
ing resistances can be substantial. Therefore, the sensing points on the Inverter winding 126 will not accurately 
portray the output voltage magnitude for all load cunrents. To compensate for this effect, the voltage reference 
signal must be compensated with another signal that is proportional to load cuirrent. The top part of the circuitry 
of Fig. 6 accomplishes this.function. . 

Output current is sensed by means of the current transfonner , 57. Resistors ,240 and 241 form a burden 
resistor which converts the current transformer current signal to a voltage. An operational amplifier 242 ampli- 
fies the signal to a usable level (gain ^ 90) and removes high-frequency noise through a feedback capacitor 
244. The amplified signal is processed further by two half-wave rectifier circuits. An pperatipnal arnplifier 246, 
in conjunction with a diode 247. extracts the positive halfrcyde of the current sjgnal at unity gain. An operational 
amplifier 248 in conjunction with diodes 250 and 251 and resistors .252 and 253 forms a unity-g^iri. Inverting, 
half-wave rectifier for the negative half-cycle of the current signal. The diode 251 dairips the Inverting input of 
the op amp 248 to its output during the positive input haif-cyde so that excessive output swings are avoided. 
Diodes 254 and 255 are damps which limit the rectifier outputs to 5 volts. Capacitors 257 and 258 serve to 
reduce noise. Resistors 259 arid 260 are for output pulldown when output diodes 247 and 250. respectively, 
are in the blockintg state: 

The rectried current signals travel several paths. These signals are labeled "lOt" arid "iO-" and are used 
both in the analog circuits and in the microprocessor. These current signals are used to modify ttie voltage ref- 
erence in the analog circuits. - 

Signals IO+ and lO- are added to the reference voltage through sumnriing r^istors 262 and ?63 at the non- 
inverting Input of an amplifier 264. The amount of cunnent signal added to the voltage reference can be adjusted 
in the design by specifying the values of the resistors 265, 262 and. 263. A certain amount of output voltag 
deviation is possible due to component tolerance. With a zero current signal, the voltage gain of ttie amplifier 
264 drcuit is unity. I.e.. VREF = VREF*. where VREF* is the outputof theamplifier264 on a Iirie268. For current 
signals in phase with VREF.VREF»>VREF.. ; o ^ ^ ; - . , - r ^. 

However, other provisions must be made for instaritaneous. current that is of the opposite polanty as th 
reference voltage, such as may be caused by displacemerit power factor loads. For this situation, it ;s necessary 
to subtfactfrom the reference because now the instantaneous direction of energy is from the'load to the inverter. 
Tb accomplish this control function, signals 1 0+ and lO- are entered into the inverting input of the amplifier 264 
^ through resistors 270 and 271 and resistors 273 and 274, respectively. Shunt switches 276 and 277 are ar- 
ranged at the resistor junctions so that the subtraction from the nsf ere nee. can be controlled. Also, the sum of 
the resistances, i.e., resistors 270 plus 271 or i273 plus 274, is one half that of the cun-ent adding resistors 262 
and 263. In this way, the summing at the noninverting node is compensated during ttie required subtraction at 
the inverting node. . - . 7 . 

When the reference polarity signal REFPpL from the. microprocessor on a line 279 is at a one level, a pos- 
itive polarity of VREF is indicated; and at the second level of REFPOL a negative pqlanty of VREF is indica^ 
Both half cycles of VREF arid VREF* have the same polarity. Therefore. REFPOL at a one level causes th 
switch 276 to conduct, thereby not allowing IO+ to subtract from the reference. A switch 28Q is used as an in- 
verter and is configured such that a low level of REFPQL will cause.the switch 277 to conduct In this way lO- 
wiil not subtract froih VREF during the time that REFROL is low. Howeyer. if IO+ is >0 for REFPOL = 0, or if 
lO- is > 0 for REFPOL= 1. then VREF will be reduced accordingly. 

Insummafy: " - - / . : . , " , . . 

when REFPOL = 1: VREF* = VREF+R(IO+)-R(IOt); 
and when REFPOL = 0: VREF* = VREF-R(IO+)+R(IO-). , 
' . Various system waveforms illustrating this function are shown in;Fig. 7 for a leading power factor load. This 
example is somewhat exaggerated so that the function can be seen deariy. Note that VREF* has a negative 
portion that would cause a small amount of voltage distprtfon, and is ignored by the PWM comparator 392 shown 
in Fig. 6: • < : . • . . , . 

Fig. 8 shows the waveforms for a similar process of voltage reference fomnation for a distortion power factor 
load. In this situation, reference compensation is quite effective l^ecause of fast response. It should be noted 
that while VREF* is the reference for the pulse width modulation pf the inyerter, VREF is still used for line fault 
detection. ' ' ^ t ^ ... 

Inverter-Commuteted Stetic Switch-Operation 

Catestrophic consequences can result if the stetic switch SCRs 117 and 118 continue to conduct when 
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the AC power system hot and neutral conductors are shorted. Everywhere «^^Pt"^^^t^"^«^j^^^^^^^ 
of th line voltage the inverter turns on in a polarity such that the conducting SCR is commutated. This prevents 
catastrophic consequences due to undesired conduction of the SCRs. A problem arises near th zero o-ossing 
Doihte because th syst m ekhblte^an>irivertertransforrrter magnetization current that flows from the utiity line 
5 tfirough the static switch into the inverte^^ system will exhibit an^inyerter fransfonnner magne- 

tization currentthatflowsfrom the utility line through the staticswitch 35. Magnetization current lags l«ne voltage 
and becomes a problem When a shorted line occurs dose to the utility line voltage zero crossover (within about 
' a millisecond): Even small values of magnetization current will tend to hold the SCRs of the static switch in 
conduction under one of these conditions. ' ; < > - 

10 Furthermore, the microprocessor generated reference signal is phase/frequency correlated to line frequen- 

cy the micropiwessor 66 generates a referehce waveform signal <pol> for the PWM modulation circuitry 
which wili determine the polarity of the inverter bridge output voltage, and this signal will be consistent with the 
' ^ norrhai vbltage polarity point that would Have occurred if the utility line were not shorted. Because the magne- 
' tization cijn^ent is a lagging current, it maintaind its polarity beyond where the crossover point would have been, 
15 thereby holding the Critical SCR in cbnductiori: However, the inverter reverses its polarity based on the phase- 
' locked refwiric^; so th4 inverter wiir^^^ that promotes a large cgrrent in the , direction of the 

magnetization cuTOrtt This forces the SCR into heavier conduction, and subsequently, the inverter would now 
be ttying to supply eriergy to a nearly direct short from its output to the.shorted utility line. 
■ In the present system, the operation of the PEEL 90 (described further below) requires the synthesis of a 

20 -guard pulse" signal, <gp>. by the microprocessor, which approximately centers on the zero crossover point 
of line voltage. Specifically, this guard pulse is a logic level signal consistent with the line voltage zero crossover 
'poirit Theguard pulse defines a "dangerzdne- on edch side of the zero crossover point where the catastrophic 
conditions described above are likely to occur. When the signal <!lfault> appears at the PEEL 90. ttie PEEL 
makes its normal transition from the 01 0 static switch ON state to the initial unsynchronized inverter pow^r pulse 
25 "sfate, 011. Tlite is illustiated in Fig. 17 and described further below. If the line fault occurs during the presence 
bf<gp> the PEEL 90 will reverse the polarity of the noWnal^^^ 
■ which was previously held in conduction by the relath/ely small magnetization cunrent; the static switch is there- 
by abruptly shut off. 

' ' Unlike the variable power pulse associated with state 01 1 (see Fig. 1 7)that occurs when a line fault is de- 
30 tected outside the guard pulse, the commutation pulse is guaranteed to be, 52 microseconds in duration - a 
complete inverter cycle. This full pulse width is necessary to insure SCR commutation. This is accomplished 
by delaying the transition to state 01 i until the <!pwmf req> signal appears which indicates the initiation of the 
next inverter pbriod. Since the state trarisitibri from State 011 can only happen upon the next.occurrence of 
" <ipwmfreq>, the commutation pulse is forced to Be exactly one inverter cyde long- 52imicr:oseqonds. The 
35 delay in the transition from state 01 0 to state 01 1 could also be as much as 52. microseconds* but ttijs is insig- 
nificant sinc^ this occurs only hear the zero crossover point, where volt*ampere delivery is minimal, 
" ^ ' Aflerthe cbmmutatibn pulse is delivered, the PEEL s^^^ proceed to the initial inverter cycle 

' state, bob, and resurrie normal, synchronous PWM operation. If the line fault occurs ouNde the pccun-e 
the guard pulse, the inverter power pulse is immediately dispensed in a polarity consistent witl>«tie, subsequent, 
PWM syhchroriized inverter output which is phase coherent with the reference signal; That is, state 01 1 is en- 
tered with^t hesitfiition. so the power pulse is delivered immediately.. Its duration can i)e from 0 to, 52 mlcro- 
kecbnds, with pulse durations determinated by ^the PWM circuitry. Whether turn-on occurs inside or outside 
the guar^d pufefet, srriooth transfers result c ■ ; . 
^ ' The static switch turn-on signals from the PEEL 90 are provided, as shown In Fig. 9, on a line 290 to the 
pin 17 of a powefdriver 291.- The power drives circuit 291 provides a -static switch drive signal on a line 293 
through a resistor 294 to the primary of a switching- transfonner 296. One secondary ?98 of the transfomner 
296 is connected to provide the driving pulse to the gate of the SCR 117, and the other secondary 300 is con- 
nected to provide the driving pulse to the gate of the SCR 118. 

The driver 291 also provides an output sighal oh a line 302 to the relay coil 303 of boost relay 36. When 
50 the switch 122 of the rfelay 36 is in its normally closed position shown in Fig. 9, the input power is provided on 
a line 305 to the full primary of the transformer 44, whereas when the, relay is operated to turn the switch 122 
to its alternate position, power is provided on a line 306 to an intermediate tap 307 of the primary 125 of the 
transformer 44. In this configuration, the transfomrier 44 functions as an auto transfomner to provide a boosted 
output signal between the neutral line 39 and the line 305 which is connect d to the.other output line 39. 
55 the line relay 34 allows full galvanic isolation of the power lines 100 from the inverter output The driver 

291 is also utilized to provide an output drive signal on a line 310 to a control circuit 31 1 to provide drive power 
to the coil 313 of the line relay 34. thereby switching the relay contacts 111 and 112 to th ir closed position 
during normal system operation. 
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Line Relay Operation ^ 

The switching of the line relay 34 is coordinated with the switching of the static switch 35 to achieve robust 
on-off control which satisfies redundancy requirements and lEC 3mm contact separation requirements to iso- 
6 late the inverter of the back-up power system 30 from its input tennninal 31 without impairing high-speed trans- 
fers. The operation of the relay 34 allows cost effective . high-speed static ©witching with robvst ih-rush current 
carrying capability, two pole air gap isolation, and protection from hazardous voltages on .the power inlet plug 
31 even when there is a failure of the static switch and an additfonal random failure. Wheri Input Utility power 
is first applied to the input temninals 1 00 and 1 01 . the static switch 36 and the two pole line relay 34 are both 
10 m the "open" state. The power is then provided to the coil 31 3 to energize the line relay, applyirig Jine voltage 
to the SCR static switch 35, which is still open (nophconducfcing) at this time. Aft^r a short delay, the SCRs 1 17 
and 118 of the static switch are triggered by high-frequency gate pulses,.thereby providing output power to loads 
connected across the line and neutral outputs./ r. ■ ■ . . , . . ^ 

When inverter operation is desired, the static switch gate trigger signals are irihibitied, and the SCRs 117 
15 and 1 1 8 are fbrce-commutated off as described above, preventing backfeed of inverter power to th^ utility line, 
after which the line relay switches 1 1 1 and 1 12 are opened. 

Ounng lK)th of the above-described sequences of operations, the line relay 34 is always "dry-switched", 
that is. it is always switched open or dosed with the static switch open so that current is not being conducted 
through ttie line relay during the time of switching. 
20 The SCRs 1 1 7 and 1 1 8 of the statte switch 35 are selecfted to have high \H rating, to which the input fuse 

103 in clearing characteristics are matched. Thus, the fuse 1 03 protects the static switch SCRs 1 17 and 118 
from excessive output surge clearance and overioads : The robust static SCR switch handles high-stress load 
surges and output current requirements, and the:dry-switchlng mode of relay operation extends the life of the 
relay contacts and prevents contact sticking or welding that might othenwise occur due to high-stress current 
25 switching. ^ : ' - , . 

Elecfrical equipment safety standards generally require that uninterruptible power systems should be pro- 
: vided with backfeed protection to prevent a shock hazard from being present on th^ AC input terminals of the 
device during interruption of utility input power. This backfeed protection is required utilizing a device having 
air-gap contacts, such as an electromechanical relay, to prevent shock hfioard^ 
30 ' " in-UPS systems which employ only electromechanical relays to provide the isolatk^n of the inverter power 
from the' AC- input terminals, the relays must handle the high-stress in-rush cunrent and must be able to open 
and close while conducting load cunrent The relatively slow operation of the electronnechanical line! relays re- 
sults in a significant "dead time", between 2^6 milliseconds, during which poyver to tiie UPS load can be inter- 
rupted when power supply to the load is being transferred from the AC power system to the inverter and back 
35 again. During these switching events, the electrpmechanicsal relay must contend with high-current switching 
stresses which can result in sticking of contacts arid iwelded contacts. , - 

' the switching of the line relay under microprocessor control is.accomplished in the folk]|wing manner, with 
particular reference to Fig. 9. Initially, utility AC power is applied to the input terminals 100 and 101. A rear panel 
control switch 96 (not shown in Fig. 9) is closed, thereby providing power to the housekeeping power supply 
40 95 which provides the supply voltages to the circuit of Fig. 9 (e.g.. +24 volts and +5 volts). Th^ pontrpl signals 
to the gates of the inverter switches 134 and 1 35 are provided on lines 315 and 316, through diodes 317 and 
31 8. respectively, to a common node 320- A resistor 321 Is connected between the +5 volt logic power and the 
note 320 to provide a standard logic level voltage at the.node 320 when the diodes 317 and 31 8 are both back 
biased. The voltage at node 320 is provided through a resistor 321 and a diode 322 to the gate of an FEG 324 
45 and through a dtode 325 to the gate of an FET 326. A resistor 330 is connected to the line 31 0 at a node 331 . 
with the FETs 324 and 326 connected in series with each other between the coB 313 and the node 331. The 
microprocessor preferably then executes initial test routines on, e.g., the -inverter, the battery, and the utility 
line. If these routines are acceptable, tfie gate control signals on the lines 315 and 316 from the inverter are 
driven high, and the FETs.324 and 326 are switched on. thereby passing the LINERLY signal from ttie line 310 
50 to energize the coil 31 3 and close the relay contacts 11 1 and 1 1 2 of the line relay 34. The signal SSON on the 
lin 290 from the PEEL 90, a high frequency string of pulses, is then inverted by the driver 291 as the signal 
SSDRIVE on the line 293, to provide high frequency trigger signals across the transformer 296 to the gates of 
the SCRs 117 and 118. Each of the SCRs 117 and,118 will become fonvard biased in one-half of the input 
voltage wavefomri and will trigger on as soon as a triggering pulse is received to the gate of the SCR. Each of 
55 the SCRs will similariy be commutafed off when the polarity of the input voltage wavefonm reverses and back 
biases the SCR. Thus, the full wave power from the line 106 will be provided through the static switch 35 to 
the output line 39. 

When a power outage occurs, the static switch 35 is commutated off in the manner described abov . the 
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Static switch drive signal SSDRIVE is intenrupted. and the turn on of the invert r causes the signals on the lines 

315 and 316 to change, alternatively driving low, which ultimately turns off th FETs 324 and 326, deenergizes 
the relay ooU 313. and opens the contacts 1 11 and 1 12. However, the opening f the lin relay do s not occur 
immediately upon Inverter operation since a capacitor 323 is charged up during the tim that the line relay is 
closed and discharges through the resistor 47. allowing a controlled delay between the turn on of the inverter 
and the opening of the line relay switches 111 and 112. By the time the switches 111 and 112 are open, the 
static switches 117 and 118 have been commiitated as described above and both turned off so that no cument 
is flowing through the relay at th^^^ ' o« ««h 

When the line power failure condition is over, the inverter is inhibited, bringing both of the lines.315 and 

316 high turning on the FETs 324 and 326 and permitting the line 310 to energize the coil 313 to close the 
r«lay contact 1 1 1 and 1 12. Thereafter, the static switch drive signal SSDRIVE is applied to open the SCRs 117 
and 1 1 8 to allow power to flow frbm the AC p^^ 

^ Should a brown-out occur, that is. a decrease in AC Input line voltage below nominal, the static switch 35 
is opened arid the system goes into inverter imode operation to provide power from the inverter to the output 
lines 39. A kignal is then provided oVi a line 302 to energize the boost relay coil 303 to connect the switch 122 
.of the relay 36 to the intermediate tap 307 of the transformer, the inverter is then turned off and the system is 
' toansfeiTOd liack to AC line power by activating the SCRs 1 17 and 1 18. thereby providing substantially contin- 
uous, nb-break power to the load, 

20 inverter Operation 

A preferred Inverter topology for the backup uninterruptible power system 30 is a 19.2KHz, pulse width 
rnodulated. Hiridge configuration as shown in Flg.^^2^ 

circuit diagrarini in Fig/l 3. . , r u , . 

25 The inverter uses a relatWely low voltage batteiry 47. e.g.^^ 

' One side of the inverter transfonrher 44 prinrifiiry winding 26 connects to the switching device 1 33 and/or th 
switchir^ device 135 whfle the other connects to the switching device 132 and/or the switching device 134. As 
discussed below, the switching devices 132 - 135 are preferably power FETS. The transformer receives th 
1d.2kHz, 24V, inverter signal at Its primary 126 and steps it up at the secondary 125 to the nominal output 
30 voltage at the power supply path, where the inductor 128 and the capacitor 129 low pass filter the signal into 
a sirie wave output The inductor 128 is preferably about 1 50 microhenrys and the capacitor 129 is preferably 
about 10 microfarads for a 660VA/i 20V system. - - : - V; 

As shown in the block diagram of Fig. 1 0v the power FETs 1 32^1 35 of the 
tfie transformer, the totem poles 340-343 ar^ used to drive the gates of the power FETS. while the logic controls 
is 5W&^348 determine 

in discussing the operation of the inverterFETs, the fd - 
- p<)sitive1^cyde -Positive ptortlon of the ^ . v, 

Negative 1/2 cyde^ Negative portiori 6^^^^ . : 

PEEL 90 = Programmable, Electrical Erasable Logic, which contains the inverter control logic. , 
40 Switch path lA = Provides a power pulse path through the top FET 132 for the positive 1/2 cycle from 

' " vbitage +BATT to the tirahsfonTief 44. ^ i . t - 

Switch path IB = Provides a power pulse path^ through the bottom FET 134 for the negative. 1/2 cycle 
' " from voltage -BATT to the transfbriifier 44; . - ^ 

Switch path 2A = Provides a power pulse path thro^ 1/2cyclefrom 
45 voltage +BATT to the transfonrner 44. 

' Switch path 2B = Provides a power pulse path. through the bottom FET 135 for the positive 1/2 cycle 

' " ifrom voltage -BATT to the transfonrner. . „ 

TOTEM POLE - A transistor drive ditult; consisting of an NPN transistor used to drive high level signals, 

and a PNP transistor used to drive low level signals. The TOTEM POLE' name comes from the typical stacked 
'50 'circuitahrahgem'ent of these transistors. ^ - ^ ^ 

REF POL = Reference polarity, a 60Hz logic signal derived frorn the microprocessor and used.to deter- 
' mine which FETs' to turn on. For example, if REF POL = "1" or 5V. ttie FETs needed to control the positive 1 12 
cycle output are turned on. If the REF POL = "O" or OV. then the FETs used to control the negative portion of 
' * the 1/2 cyde output are turned on. * i . . v 

55 ■ ' The timing between the various inverter drive signals is shown in Fig. tluDuring the positive 1/2 cyde. 
' switch 2B. which preferably consists of multiple '(e:g. , three) paralleled FETs 1 35a. 1 35b; 1 35c. as shown in 
Fig. 13, is turned on for the full duration of the 1/2 cyde. Switch 1A (e.g.. two paralleled FETs 132a and 132c) 
is also turned on. Power flows from +BATT, through th "1A" FETs. through. the, transfonmer inyerter winding 
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126, through the "2B" FETs, to -BATT. During this time, battery voitage is being appiied across the'inverter 
' winding 1 26. This pulse is refenred to as the power pulse. Once the pulse width of the "P wer" pulse as deter- 
mined by the logic is completed, the 1 A FETs are turned off. There is approximately an 880 nsec delay before 
the 1B FETs (134ai 1 34b, 134c, in Fig. 13) are then turned on. \A(ith the IB FETs and the 28 FETs both on, 
5 energy is held in the transfomier for the remainder of the inverter cyde (5? \isec) and there is only a small vol- 
tage across the inverter winding:126. This is called the "Free Wheel,Mode^ The eniargy circulating during this 
period is stored and/or dissipated in transformer leakage Jriductance. and in the output filter and load resistance. 

The 880 nsec delay allows time for the 1A FETs to turn off before the 1 B FEts turn ori. The 880 hsec delay 
also occurs between IB turn off and 1 A tum on. ^ 
10 This pattern continues for the duration of the positive 1/2 cycle. The pulse width of the inverter cycles are 

hanrow near the zero crossings of the half cyde and get wider at the peaks of the half cyde. . 

The 1 B FETs are turned on for the duratton of .ttie negative 1 /2 cyde. The power pulse occurs whe n switch 
2A turns on. Power flows :from +BAlrT through the 2A FETs (133a.and 133c), thrqugh *^ invert^^^^ 
: through the 1B FETs to -BATT. The free wheel mode occurs when switch 2B turns on after 2A turns off, and 
15 also between 2B tum off and 2A tum on. . > 

The power FET gates are driven by their respective tptenrvpole driver. Each totem poie consists of an NPN 
transistor (351-354 as shown in Fig. 1 3) (e.g., 2N4401 ), a PNP transistor (356-359 as shown in Fig. 1 3) (e.g., 
2N4403) and a level shiftw (361-364 as shown in Fig. 13) (e.g.. 2N7o6o). It is caJled a noteriif-pol^ driver" be- 
cause of the stacked arrangement of the active elafnerits. Each totem pole and jts +15V decoupled supply are 
20 referenced to the group.of power FETs it drives. _ 

The level shifters 361-364 consist of N channel low power FETs (e.g., 2N7000). Each level shifter is used 
to convert the +5V logic signal from NAND gates 366-369 to a tlSV control signal. 

When a low level is applied to the gate of the FETs 361 -364, the FET is off (open). This allows the transistors 
351-354 to be biased on through their tjase resistor(s). +15V is noyv applied to the gate of the apprbpriiate power 
25 FETs in the inverter, turning them on. ^ 

When +15V is applied to the gate of each jevel shifter FET it is tumed on. This takes base current iaway 
from the NPN transistors (351-354) to which it is connected at the same time the gate of the PNF? transistor 
(356-359) to which it is connected is fonward biased, turning Jt on.This drives the gates of the power FETs to 
OV with respect to the FET source terminals, thus turning the power FETs off. The +15V supply lise^ to drive 
io ^ the 1A ^nd 2A power FETs is derived by the use of , / ^ 

For example, when the IB FETs are on. the sources of the lA FETs along with a capacitor 370 and the 
collector of transistor 356, are pulled to -BATT. At this time, the +15V on a,capacitor 371 and a capadtor 372 
charge the capacitor 370 through a resistor 373 and a diode 374. The voltage on the capacitor supplies the 
gate voltage for turning on FETs 132a and 132c (generally, the third FET i3?b need not be provided). The 
35 charge on capacitor 370 gets refireshed every time the l B FETs turn on^ The vpltage on a capacitor 376 supplies 
the gate vdtage for turning on FETs 133a and 133pi The capacitor 376 is charged ^ 

the 2B FETs (135a. 135bi 135c) are on. The capacitor 376 charges through a resistor 377 and a diode 378 
and is recharged every time the 2B FETs are on. , . , : 

The boot strap supplies stay charged when the system is operating on-line because the inverter winding 
40 1 26 is used to create a DC voltage for the battery charger operation. The reverse diodes in the 2B FETs, 1 35a, 
1 35b, and 1 35Ci make up the other bottom leg of a full waye rectifier. When the diodes of the 1 B FETs conduct, 
the sources of the 1 A FETs; 132a. 1 32b and 132c are pulled to -BATT,. and therefore the capacitor 370 is kept 
' charged to +15V. In the same manner that capacitor 370;is charged when the diodes .of the .IB FETs conduct, 
the capacitor 376 is kept charged when the diodes of the 2B FETs conduct The purpose of the NAND gates 
45 366-369 is to guarantee control of the inverter during start-up and shut-down of the system. The +5V supply 
- that feeds the gates 366-369 is the +5V CPU supply. The +5 CPU supply comes up faster than the +15V supply 
at turn on. The /RESET signal which connects to the input of the gates 366-369 stays low until the +5 CPU 
gets to 4.75V, then /RESET goes . high (+5V). The low /RESET guarantees a high (t5V) ori the gates of the 
FETs 361-364. which keeps the power FETs off. 
50 If for any reason the PEEL 90 is not fully energized by the time /RESET goes high, resistors 381 -384 pull 

their r spective inputs of the gates 366-369 low, which in turn hold the power FETs off. 

During shut-down of th unit, the +5 CPU supply and /RESET stay powered longer than the +15V supply. 
For the same reasons as on powerrup when /RESET is low. the power FETs are guaranteed off. 

Again, during de-energization before the gates 366-369 lose power, the r sisters 381-384 pull their respec- 
55 tive inputs to the gates low. therefore holding the power FEf s off.. 

During nomial operation. /RESET is high (+5\0. therefore the gates 366-369 invert the signals coming from 
the PEEL 90. These signals control nomnal operation of the inverter, as shown in the previous timing diagrams 
of Fig. 11. 
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The PEEL 90 controls the inverter timing, coming into pin 1 1 of the PEEL 90 is the /CYCEND signal. During 
inverter operation if /CYCEND goes low the power puis of the inverter cyde is terminated. Either of two circuits 
cause /CYCEND to go low during th Inverter operation, the "modulati n" circuit and conduction limit circuit 

in the modulation circuit, shown ih Fig. 12. a 32 step replica of the 1/2 cycle of line (VREF) on a line 390 
i^ compared tothe voltage charge of a capacitor 391 In a comparator 292. The charge and resetof the capacitor 

391 lsd6neat19.2KH2.! V ' .L \m 

When the inverter turns bn. (Power Pulse), either the ianode of the diode 394 for the positive 1/2 cyde or 
of the diode 395 for the negative 1/2 cyde is pulled to near +BATT voltage through the appropriate power FETs 
(1A FETs for positive 1/2 cyde. 2A FETs for negative 1/2 cyde). This actton causes the capadtor 391 to be 
charged through tiie resfetor 397. When the Voltage ^bn the capacitor 391 exceeds the voltage of VREF, the 
output from the capacitor 392 on a line 399, /CYCEND, goes low. the "power pulse", or pulse width of the in- 
verter cyde is ended, and the bottom FETs (2A FETs and 2B FETs) are turned on. This is the "Free Wheel- 
mode of the inverter cycle.. ^ / : ^ ^ ^ 

The first 880 fsJsec of each ihverter cyde is used to reset or discharge the capacitor 391 from the previous 
Jnverter cyae,,Thls is done by the Tlme Constalit Reset" (TCRST) signal on a line 401. This signal turns on 
the FET 402 for 880 Nsec, discharging the capacitor 391 in preparation for the next cyde. 

^ As VREF increases in amplitude, the longer is the' time needed for the capacitor 391 to charge, and thus 
narrow the pulse widths are obtained when VREF is at or near OV and wide pulse widths near the peak ofV REf. 

This pulse width pattern Is reflectbd on the biitput of the inverter, which is transfenred to the output of the 
transformer 44. wherein the inductor 128 (150ith) in conjunction with transformer leakage inductance and the 
capacitor 129 (lOHf) filter the inverter signals into substantially a sine wave output. 

' Because of this modulation scheme. It Is possible to track the shape of VREF. The microprocessor deter- 
mines what the incoming AC power line "looks" like and adapts the reference to reflect the voltage input. This 
procedure allows minimum battery openations while keeping the system interactive with the power line. 

The second drcuit used lo oorttroi the /CYCEND sighal is the "conduction limit" circuit shown in Fig. 13. 
This circuit protects the power ^^^Ts 132-135 frbim damage in case of an overioad. such as a short placed on 
the system output during inverter opieration. The power pulse of each Inverter cyde, for the positive 1/2 cyde. 
has current flowing from +BATT through the lA power FETs 132. and through the transfonmer winding 126 
through the 2B power FETs 1 35 tb-BATT. The same current flows through the 1 A FETs 1 32 (e.g;. two paralleled 
FETs i32a and 132c) as floWs through the 2B FETs 135 (e.g.. three paralleled: FETs 135a. 135b, 135c). Since 
there ar^ only two 1A FETs and tfiree 2B FETs the cun-ent causes a larger voltage drop across the 1 A power 
FETs than across the 2B power FETs. For the negative 1/2 cycle of Inverter power pulses, the voltage drop 
across the tvyo 2A power FETs (1 33a and 1 33c) is larjger than the voltage drop across the three 1 B^power FETs 
(134a, 134b,' 134c) since the sarrie current flows through the 2A FETs as through the.lB FETs.^ 

Because the top switches (1 A and 2A) FSTs always have the larger voltage drop when cunrent is transfen-ed 
into the transformer, thy voltage across the 1 A FETs is monitored to protect the power FETs for the positive 
1/2 cyde, and the vdtage ao-oss the 2A FET^Ms iribhitored to protect the power FETs for the. negative,1/2 cyde. 
' ' The voltage across tlie top FETs is moriitored by turning on a transistor 420 having its emitter connected 
through a resistor 421 connected to the battery Voltage +BATT. The transistor420 obtains a bias source when 
a transistor 424 puUs a resistor 425 to -BATT dr GND. When the 1A power FETs 132 are on. the base of the 
transistor 420 is pulled to the same potential as the source of the 1 A' power FETs 132, minus the diode drop 
of diode 427. The voltage at the braise of the tfansist6r-420 is equal to the voltage across the drain to source of 
FET 13 pliis the vbltagedrop of a diode 428 (.SV DG>. The voltage seen at the emitter of transistor 420 equals 
"voltage sit the baSe of the Iransisjir rhinus the voltage drop of the emitter-base junction (.SV) of the transistor 
A2D. Therefore, the voltage seen across resistor 421 is equal to the voltage across the drain to source of th 
1 A FETs 1 32. Equiv^lentJy, the diode drop of the diode 427 is approximately equal to the emitterto base voltag 
' of the transistor 420. This makes the voltage across the resistor 42t equal to the drain to source voltage of the 
lApower FETs 132: ' 

During the negative 1/2 cyde when the 2A FEts 1 33 are conductingi the base of the transistor 420 is pulled 
up to the same ftotential as the source of the 2A power FETs 133 nriinus a diode drop.The diode drop of the 
diode 428 is equal to the emitter-base junction of the transistor 420. which makes the voltage seen across the 
resistor 421 equal to the drain to source voltage of the 2A power FETs 133. Note that only one channei of pro- 
tection is required for all four switches of the inverter. ' - : ' 

The cunBnt through the resistor 421 is equal to the current flowing through a resistor 430 connected to the 
collector of the transistor 420; assuniing that the transistor 420 has a high-gain; and since. the resistore 421 
and 430 are equal in resistarice. the voltage seen across the r sistor 421 equals the voltage across the resistor 
430. As with the modulation circuit.'the signal TCRST (Time Constant Reset) on a line 432 tums on an analog 
switch 433 forthefiret 880 Ns c of each inverter cycle. • - - : \ n ■ 
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The analog switch 433 discharges the capacitor 434 and pulls the positive input of a comparator 436 to 
ground* Now. when TCRST turns off the switch 433. this releases the capacitor 434, and the power pulse of 
an Inverter cycle is started. The voltage on capacit6r434 stays below the +2V threshold, seen on the negative 
input of the comparator 435 for approximately 1 .2 jisec: During this time the negative input of a comparator 
437 is pulled to GND, allowing its output signal, /CYCEND. to remain high. The 1.2 jisec. delay allows enough 
time forthe top FETs 1 32 or 1 33 (1 A or 2A) to turn on fully. After the 1 .2 usee, delay, the voltage on the capacitor 
434 exceeds/the 2V threshold. This allows the voltage oh the resistor 430 to follow the voltage on the resistor 

When the voltage on the resistor 430. which equals the voltage seen on the resistor421 . exceeds 2V, /CY- 
CEND. the signal on the output line 438 of the comparator 437, is forced low. which terminates the power pulse 
of the inverter cycle prematurely due to an overload condition. 

The maximum output peak current allowed by the bonductiori limit circuit preferably is selected to vary by 
unit size as set forth t)elow: ' * . , , ^ 



Unit Size 


Nominal Output Peak Current * ^ 


660VA 
460VA 
360VA 


, 16A 
12A 
10A 



. The purpose of the transistor 424 is to turn off the transistor 420 when poWer to the unit is turned off. This 
eliminates unwanted current drain from the battery. 

Several advantages are obtained from the foregoing circuit arrangement: (1 ) the number of power devices 
are kept to a minimum and are fully utilized; (2) two power devices are used iri thie 1A and 2A positions while 
three power.devices are used in the IB and 2B positions, and the unsymmefrioal use of these power devices 
are controlled such that nearly equal power dissipation is seen in all power deyices, (3) utilisation of a singi 
channel over-current protection circuit minimizes component count., which increases reliability of the system, 
and (4) the over current protection circuitry protects the more vulnerable top.devices 132 and 1 33 (1 A and 2A). 
and the^boot strap supplies. The boot strap supplies could beppnr^e discharged, which could result in insufficient 
gate voltage. This further increases the reliability of the system. 

Microcomputer Control and Software . ; n : - r 

Primary control functions, timing, and logic are provided by a high integration single phip microcomputer 
66, such as the UPD78G14CW. manufactured by NEC. Jhis device integrates the functions of ah 8-bit central 
processing unit (CPU), program memory, data memory, input/output (I/O), arid many peripheral functions in a 
single 64 pin integrated circuit. A port map for the microcomputer 66 is shpwn in Fig. 14. An exemplary program 
for the microcomputer 66 to carry out the functions described herein is set forth in the nriicrofiche appendbc. 

Intemal peripheral functions include an.8-bitanalog to digital converter (A/D) with internal sample and hold, 
an 8-input analog multiplexer, two. Brbit interval timers, a 16 bit multi-function time/event counterj^d a serial 
communications interface capable of synchronous or asynchronous operation. Five. 8-bit digital I/O ports are 
also provided. The uPb78C14CW single chip microcomputer provides 16K bytes of intismal read-only-memory 
(ROM) forstorage of program and constant data. 256 bytes of intemal random-access-memory (RAM) are pro- 
vided for storage of intenrodiate program data and stack,This memory is volatile, and Is lost upon removal of 
CPU power. 

An external electrically-erasable programmable read only memory (EEPROM) is provided for storage of 
programmable user constants; factory setup data, and calibration factors. This device is accessed serially and 
contains IK bits of data an-anged as 64 X 16..The device is selected for access with the CD signal, and data 
is exchanged with the CPU via the Dl (input) and DO (output) lines synchronously with the rising edge of dock 
signal SK. Writ operations to the EEPROM are self-timed, A special write disable function is provided to pre- 
vent inadvertent data. corruption during the power-up or power-down transient condition. 

Digital outputs in addition to those provided dir ctly by the microcomputer are derived by the 8-bit latch 
440 shown in Fig: 14. Data directed to this expansion latch is presented briefly on segnnent lin s SEG0-SEG7. 
and are sfrobed to the latch by toggling the EXPAND siignal. Under the control of software, the latch is updated 
approximately every 2.5 milliseconds. 

The user interface 80 provides communication between the microprocessor and the user and may contain. 
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for example, a 4-digit LeD display, LED annunciators, momentary contact pushbutton switches, and appropri- 
ate drive circuitry. 

• Major functions associated with the control of the back-up uninterruptible pow r system are performed by 
^ " the rhicrocomputer 66 underthe control of a softwar program resident in the 16K byte int mal r ad-only- 
5 " memory (ROM). These functions include a digital phase-loclced loop (PLL). acquisition and processing f ana- 
- ^ log inputs for displayand control purposes, synttiesis of a Reference Wavefonn. detectipnof anomalies on the 
input AC line, control of UPS primary and peripheral circuits including.the inverter, static switch, battery charger. 
• user iriterface hardware, line and boost relays, and audible alanr^. and scanning for anomalies on analog and 
' digital inputs indicative of system alamn conditions. In addition, the microcomputer and associated program pro- 
10 vide a means whereby external equipment may query status and alarm infomiatibn from the UPS either by con- 
tact closures or a serial comnruinications, protocol., 

. A software phase-locked loop (PLL) is implemented to maintain syrichro^^^ 

to incoming AC line. When AC line is not present and the system is operating op inverter, the PLL maintains 
^ synchronization to an intemaHy derived reference signal, selectable. as either 60 or 50 Hertz. 

15 The software PLL utilizes a variety of the microcomputer's peripheral function?, namely one of the 8-bit 

interval timere (TIMERO) and associated interrupt, the 16-bit multi-function timer/event counter configured in 
the interval measurement mode, and the CI edge-detection interrupt INT.EDGE. 

The LINEFREQ output of the AC line zero-cross detectfon circuit is applied to the CI timer input of the mi- 
crocomputer 66. The microcomputer's 16-bit timer is configured to measure ttie time interval between succes- 

20 sive zero crossings of input AC line. The measured time interval is checked against absolute and rate of change 
limits to determine ttie suitability of the input line frequency signal. This filtered time interval value is ttieri used 
to establish a frequency reference for ttie S-bit interval timer TIMERO. operating at precisely 1 28 times the meas- 
ured AC Input line firBquency. This timer is configured to generate an intemjpt upon expiration, and therefore 
an, interrupt source at exactiy 128 times the line frequency is established. 

25 in addition to period measuroment as described above, the LINEFREQ input also generates an interrupt 

at each fallirig edge called INT_EDGE. As a part of the TIMERO interrupt program, a down counter is maintained 
W cbuntsih these^^ 127. 126. and so forth: The INT_EDGE interrupt looks at 

the value of the TIMERO interhjpt cdunter to dete 

crrosihgs. A counter vsilue of 0 at tiie edge interrupt is defined to be "in phase''. If the TIMERO counter value 
30 . is other than 0, the frequency of the 128X TIMERO interrupt is adjusted proportionally up or down, subject to 
slew rate limits, as necessary to bririg the counter in phase relative to line zero crossings. Thus, a phase lock 
to AC input lirie is achieved. " ' ' - : 

If successive INT_EbGE zero crossing interrupts are not detected within a prescribed amountof tirne, the 
AC input is determined to be outside of the desired tracking range and unsuitable for use as the frequency ref- 
35 erence. I n this mode, an internal 60 or 50 Hertz frequency reference is used. Phase lock to this internal reference 
is achieved in exactiy the same manner and with the same slew rate limitations as to tine INT_EDGE reference. 

The PLL is used primarily to synchronize the internally generated Reference Wavefomn to AC input line, 
and to provide a phase-coherent reference for sfeimpli of analog inputs with the A/D convertenv 

the nriicrocbmputer 66 arid associated prc^ram sample and process signals provided by analog inputs 
-io ANQ - Afsj7. The process results of these sijjnals are used for control of the UPS. and display purposes. Th 
' saiTipiing.arid processing of analog Ihp^ 

; - AC input line signals VL+ and VL- are sampled by the A/D converter 32 times/cyde each and every cyde. 

. using as a tirne base the TIMERO irttertuptfram^the PLL. The VL+ signal represents tiie positive portion of the 
fGlUwave rectified AC line Signal, arid the VL^ signal repreisents tiie negative portion. The signed value of AC 

45 iriput line is derived at each of the-32 sample points as VL+ - VL-. The results are used In fomiation of the Ref- 
erBnc^ Waveform, as well as summed over each cycle to detenmine average input voltage on a cyde by cycl 
basik The siirh of samples is multiplied by a linear calibnation factor from EEPROM such tiiat the result is equal 
to the ftMJS value of the AC input line assuming a sinusoidal wavefomi. This RMS value of input line is used 
for display and control of the inverter operation. 

so' Battery voltage isignal VBAT is sampled by the A/D converter 32 times/cycle every fifUi cycle, using as a 

time base the TIMERO interrupt from the PLL. The resultant 32 samples are averaged and multiplied by a linear 
calibration factor CFBAT stored in EEPROM. The resultant value is used for display, alarm. and:run time cal- 
culation purposes. . ' t u 

' Preferably, the syst m indudes an electronic thermometer (not shown) which provides an ambient tem- 

55 perature signal TEMP which is sampled by ttie A/D converter 32 tirries/cyde every fifth cyde. using as a tim 
base the TIMERO interrupt frorn the PLL The resultant 32 samples are averag d. then converted to degr es 
Celsius by multiplying by a conversion constant, and then subtracting ari offset constant. The resultant valu 

" is used for display and alarrh purposes, : ^ . \ , . > 



EP 0 514 171 A1 



AC output current signals, IO+ and lO- are sampled: by the aId converter 32 tinnes/cyde eve^ fifth cyde, 
using as a time base the TIMERO intemjpt fonri the PLL The IO+ signal repres nts the positive portion of the 
, full-wave rectified output cun-ent signal, and. the lO- signal represents the negative portion. The signed value 
of output cun-ent is derived and stored at each of the 32 sample points as IO+ -lO-. The RMS value of output 
5 current Is calculated as the square root of the sum of the squares of sample points/multiplied by a linear cal- 
ibration factor CPACAO from EEPROM. This true RMS calculation is important to maintain aciairacy of the 
measurement, in that high crestiactor, nonlinear loads will cause the current waveform to be non-sinusoidal. 
The RMS calculation of output current is used for alairn. display, and protective shutdown of tKe output. The 
signed, instantaneous values of output current are also used to calculate output power. 
10 The inverter primary voltage VO is sampled by the A/P converter 32 times/cyde every fifth cyde, using as 

a time base the TIMERO interrupt from the PLL. This signal is filtered by a capacitor prior to the A/D converter 
to remove high-frequency components present in the signal when the inverter is operating. The low-frequency 
(60 or 50 Hertz) component remains. The 32 samples are averaged and multiplied by ai linear calibration factor 
stored in EEPROM. The calibration factor CFACVO accounts for the primary to secondary turns ratio of the 
15 main transformer, such that the resultant value represents the AC output voltage on inverter at no load. 

The pilot outlet current signal LDSENSE is sampled by the AA5 converter 32 times/cyde every fifth cyde. 
using as a time base the TIMERO interrupt from the PLL. The resultant 32 samples are averaged and stored. 

An important function of the microcomputBr is the fonmation of a Reference Waveform. A modified version 
of the Reference Waveform signal is used by the line fault comparator for rapid detection of line anomalies for 
20 line interactive operation, and is used as an input to ^thejnverter puls^width modulator as the desired outpi 
waveform during Inverter operation. The formation of this Reference Waveform is dependent on the systen- 
operating mode and is described below. 

The Reference Waveform normally represents the historical value of AC Input line over the preceding linf 
cydes. It is compared, with an allowable delta, against the instantaneous value of line in the line fault comor 
25 ator for the purpose of determining, on a sub-cyde basis, the suitability of line to power the protedev 
During inverter operation, it represents the desired output waveform, both in magnitude and wave shui r 
stored as an array of 32 signed. 8-bit values and is output by the microprocessor in an interpolated form b4 
times per cyde. in phase-coherence with the PLL. The magnitude \s output to. the D/A converter via signals 
REFO - REF7. and the polarity is present on the REFPQL output, with REFPOL = high representing positive 
30 values. The formation of the Reference Wavefonm values is dependent on the operating mode of the system. 

During line operation, the Reference Waveform is calculated as an exponentially smoothed combination 
of the instantaneous value of AC input line as sensed by the VL+ and VL- analog inputs, and the present value 
of the particular Refererice Wavefomn point, representing the historical value of the wavefonm. The software 
applies exponentially smoothing weights of 1/8 and 7/8 to the instantaneous and present values, respectiv ly. 
35 The Reference Waveform fonmation is thus according to the equation: 

REFDAT(n) 4- (1/8) ;* VL(n) + (7/8) * REFPAT(n) 
where REFDAT{n) is the nth sample point of the Reference Waveform (range of 0..31 ) and VL(h) is the instan- 
taneous value of AC input line at sample point (n). The symbol means "is assigned the value or. 

The Reference Wavefomi during inverter operation is fonmed in a similar manner to that during normal line 
40 operation, except that a sample from the desired output wavefonm froin ROM m^mory is used as the input to 
the exponential smoothing function, instead of the instantaneous value of AC input line. Thus, the reference is 
formed according to the equation: , . . 

REFDAT(n)^(1/8)*RpMDAT + (7/8) *,REFDAT(n) . , 
where ROMDAT(h) is the nth entry in an anay of 32 signed. 8- bit values representing the desired inverte' Ov t?*« t 
45 waveform (generally, a sine wave). * . : 

In boost operation, the reference wavefonm is calculated and output in the same manner as on line oper- 
ation, but the waveform is not output to the D/A converter and REFPOL duririg the transition from boost to in- 
verter. Instead, the desired sine wave output waveform stored in ROM memory is directly output to the D/A 
without exponential smoothing. This prevents the inverter from generating too low an output voltage for the sev- 
50 eral cycles following transfer. ^ 

The microcomputer and associated software program calculates several metering variables used for con- 
trol and display purposes based on mathematically derived results, from measured signals rather than direct 
measurement; These "derived metering" variables include system AC Output Voltage, Run Time. Output Pow- 
* er. Percent Full Load, and Frequency. Their derivations and relationship to directly measured signals is descri- 
55 bed below. - 'i . * . 

For the purposes of cost savings. AC output voltage need not be directly measured, but can be implied 
from other measured signals, and is dependent upon the mode of operation. During nonmal line operation, the 
AC output voltage may be displayed as identical to the measured AC input voltage, although this method does 
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not account for the voltage drops across the input line relay 34 or static switch 35. 

During boost operation p where the main transfbnmer functions as a step-up autotransfonmer, the AC output 
voltage is displayed as the measured AC input voltage multiplied by the lin ar calibration factor CFBOOST from 
the EEPRQM. This factor is approximately equal to 1 .1 6, but is adjusted during calibration to account for man- 

5r ufacturing differences in trarisfonners. ' ' . w^..-r /D-r\/in\ 

/ The AC output voltage on inverter operation is calculated according to the equate 

where" Vp is the inverter primary voltage scaled by a factor to account for the main inverter transfomner turns 
^ ' ratio, RT is a constant term to account tor the lumped resistance of the transformer, and lO is the calibrated 
RMS value of output current, " ' ^ ^ 

10 ^ True output power in watts is calculated for the purpose of Perceiit Full Load calculation and Overload 
Alarm Power is nbrmaily calculated as an average of V(n)«l(n) samples, where V{n) and l(n) represent the nth 
samples of voltage and ojfrerit samples coherently over one period. Since the system does not measure the 
^ . output voltage directly, the calculatibh must use the estimates of output voltage as described above. Therefore, 
V during line operation, povier is calculated, using for the V(n) samples the value of REFDAT(n), which represent 
15 : the historical values of inpiit AC line. Including the appropriate calibration factore CFACVI and CFACAO for 
. . inputtvoltage and output current respectively, the equation becomes: < 

- V ' ■ ' ■ • . 31 • - ; 

WATtS « CFACVI * CFACAO * (1/22) KE¥DiiT(n)*10(n) 
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! ForboostopOTrion, asimUar powercalculatto^ method is usedi but the boost ratio of the transfonnermust 
be cxinsidered. The bbc»t calibration factor replaces the nonmal AC input voltage factor and the equation be- 
comes: 

WATTS = CFBOOST * CFACAO * (1/32) REFDAT (n) *IO (n) 

During invertBr operation; the power calculation must consider the measured inverter primary voltage, a 
term to account for the; inverter transforniertiim^^ and the RMS value of the desired output wavefpnm from 
ROM. When the inverter primary voltage ahd'tums ratio factor are lumped into the VO term, the power equation 

..beconries: ' ' . / .. 'y'y ' ' -^^^■i'-'^-' 

WATTS = CFWATTS ^* CFACAO * (1/32) REFDAT (n) *IO (n). 



CFNAiTATTS is a tern) determined during calibration and represents the gain of the inverter. 
40 Percent Full Load is calculated as: ; ^ '^^^ — - , 

10p*WATts/WATr RATING: The calculation isi rounded to the nearest 5%, and hysteresis js applied to the 
' "calcuiatidn to enhance stabin^^^ 

Frequency is calculated according to the equation: FREQ = 1/LECPT. where LEPPT is the instantaneous 
' ' ' period of the software phase locked loop (PLL). During line operation and under locked conditions, this Is equal 
45 to the frequency of the input AC line. During inverter operation and under locked conditionSi this is equal to the 
nominal operation frequency as pi^rammed in the EEPROM, either 60 or 50 Hertz. 

Several modes of line anomaly detection are provided by the microcomputer and associated system soft- 
ware. These modes supplement the rapid, line interactive detection provided by the line fault hardware, 
the microcomputer monitors the average^derived RMS voltage level of the AC input line on a cycle by cycle 
50 ^ basis. If this level fails below a predefined setpolrit, the microcomputer directs the system to mn continuously 
oh inverterbyopening theAClnputlineralay 34 and static switch.35 by driving the LINE and SS ENBL signals 
low. The INV ENBL signal must also remain in its nomial high state. The threshold for this setpqint is defined 
by the V_LO setpoint and the boost ratio, represented as CFBOOST. Th is condition is defined as: VL <= (V_LO)/ 
CFBOOST, where VL is the calibrated voltag level of AC input line, and CFBOOST is approximately equal to 
55 1.16. Th system remains in this state until ither th AC line returns to normal pr the batteries expire. 

When the ay rage-derived RMS voltage liBvel of the AC input line is b tvye n the very low condition as de- 
fined above and the V_LO setpoint, the operati nisdefin d as boost mode. The micrqconriputer first operates 
on inverter (SS ENBL = low), then closes the boost relay by forcing the BOOST output to the active high state. 
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The system waits for the op rate time of the b ost relay, th^n re-enables tihe static switch and provldias boosted 
line to the load. This mode is useful for extended periods of brownout that would otherwise d plete the battery. 
The transition through inverter operation is necessary to prevent a momentary loss of output as the boost relay 
operates. The transition through inverter is also perfonmed when the system^xits the boost mbde. 

If the AC input voltage is determined to be too high, and might cause daimafge tb the protected load, the 
microcomputer directs ttie system to operate continuously on inverter until the cbnditioh returns to nonmal. This 
High Line mode is defined by: VL >= V_HI. where V_HI is the programmable high line setppintfrom EEPROM. 

With certain types of line interruptions, in particular a ring-down decay of the AC input, the cycle by cyd , 
average-derived RMS method of line anomaly detection is insufficient to provide adequate transfere. An addi- 
tional detect mechanism is provided by the microcomputer that moriitors the status of the line fault comparator 
output /LF on a sub-cycle basis. If the /LF signal.is found to be continuously low for a programmabte amount 
of time, the system transfers to inverter operatidri in the same manner as it does in retsporise to an average- 
derived RMS anomaly. This time is nominally 1 .5 milliseconds. . ^ 

Two signals are provided by the system hardware to modify the line ariomaly detection undisr'certain con- 
ditions. These signals, under the control of software, modify the inputs to the line fault comparator 194 and 195. 

The Guard Pulse signal GP is used.to prevent the transfer from inverter to lirte operation at W near the 
zero crossings of AC input line during line interactive operation, this signal is controlled in the PLL TIMERO 
interrupt and is driven to the active high state for approximately 2.5 milliseconds each half cycle; centered about 
the zero-crossings. * ^ ■ •^^ . , , 

TheHigh Delta output HD is used to prevent excessive line- interat^ve operation from 
battery. The software control of this signal is adaptive, and optimized tb pre>vide high isensitivity to line faults 
(HD = high) whenever possible. 

The program continuously monitors the battery voltage signal VBAT. When the battery voltage is deter- 
mined to be dropping without the system haying transferred to inverter operation, the software determines that 
line-interactive operation is occunring top frequently for the system t^attery charger to keep up. The HD output 
is then driven to the actiye low state. , , 

After a period of time, and when the monitored battery voltage returns to the pjfoperiy charged stete, th 
software reverts the HD output to the high sensitivity rhode. . \ . , ' 

The Auto Load Sense option provides the user the ability to control the ON/OFF status of auxiliary AC output 
outlets based on the current drawn by a pilot outlet The stonsd/ayeraged value of the L.bSENSE input in com- 
pared against a value stored in EEPROM. If the Auto Load Sense option is selected, arid the averaged 
LDSENSE current is greater than the stored setpoint, the LOAD relay is dosed, subject to hysteresis and timing 
constraints, if the option is not selected, the LOAD relay is main^^ .: ' 

. The microcomputer has the ability to control the ON/OFF. status of the priinary battery charger through th 
CHGRiiDSBL signal. The battery charger is disabled during inverter pperatibn by forcing tiie CHGR_DSBL out- 
put to the high state. The charger is enabled when CHC3R_bSBL is i^ ; _ 

The microcomputer 66 and software program also check for any pf nine (9)' alanrh conditions associated 
with operation of the UPS Alarm conditions are derived from a combination of the status of analog and digitel 
inputs to the microcomputer, operating mode, and internal microcomputer timing. The alanm conditions and der- 
ivation thereof are described below. : >, 

The system software monitors the RMS output cunrent lO and emulates a circuit breaker function. A tenm 
relating to tiie time integrated, squared output current is maintained and continuously compared against a pre- 
defined setpoint in EEPROM. The time-based accunfiulation and comparison is made acdardihg to the expres- 
sion: ((IO)**2)T - (K1)T < K2. When the left side tenrn. equals or exceeds the K2 term, the output is shut down. 
On line operation, this is achieved by opening the AC; input line relay and static switch by forcirig LIN E and SS 
ENBL control signals to the' low state. During inverter operation, the inverter is shut down by forcing the INV 
ENBL output to the low stete. 

The system automatically tests the integrity of nonvolatile EEPROM memory during the power ujp se- 
quence. The microcomputer checks a special address of EEPROM memory and compares the date there 
against a pre-defined pattern and a ROM memory version number contained in the program riiemory. If the 
patt ms do not match, a Memory Enror alanm is generated and the EEPROM is initialized to'default settings. 

An Overioad alarm is generated when the Percent Full Load variable, calculated as a ratio of WATTS to 
WATT RATING, exceeds 1 00 %. A snr^ll alanm debounce period prevente nuisance alarms du to momentary 
output load surges. , ; . . 

Two types of Low Battery alarms may be provided. Th Low Battery Shutdown alanm occurs when the bat- 
tery voltage drops below a programmable setpoint. nominally 1 9.0 VDC. This nonmally occurs following extend- 
ed operation on inverter. Th microcomputer 66i perfonms the shutdown operation by forcing ttie INV ENBL line 
to the low state. 
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The system can be configured to r start from the Low Battery Shutdown condition automatically upon re- 
storation of AC line power. This is controlled with the Auto Restart programmable parameter. When so pro- 
graironed th system restarts the output upon restoration of AC power, thereby allowing the primary battery 
charger to function. The Low' Battery alam is cleared when the Batt ry OK setp iiit, nominally 24.0 volts is 

'SchiGvsd. 

A second Low Battery alarm is designed to prevent a destructive deep discharge of the battery. When the 
batteryrvoltage drops below 17.0 VDC; the microcomputer 66 forces the PWR U»iTCH signal low. ultimately 
removing base 'driye from ihe^p^^ transistor. All load, incliiding that consumed by the control and logic, 

is thereby rernoveci Wm the battery. ^ ' ' 

A Low Run Time Battery alarm is provideid to alert the user of an impending shutdown while operating on 
inverter. This alami compares the run tinie as calculated under "Derived Metering" above against a program- 
mable setpoint cqritained in EEPROM; The i^larm is signaled whefn the calculated run time is less than or equal 

to.thesetpoinL , , T * 1\. • , ' .l. -ri-»*o 

An Over Temperaiure alairn is provided such that when the ambient temperature sensed by the TEMP ana- 
log input is equai to or exceeds a programmable setpoint, the alarm occurs. 

A piezoelectnc audible alarm may be provided to alert the user of inverter operation and alarm conditions, 
and to supplement the tac?dte feel of front panel pushbutton switches by providing a "dicr when a key is de- 
prBssedThe 2400 Hz audible alanm is controlled by software using the active high BEEP output The audible 
alanri tmybe selectively disabled usinjg ¥ie Silence Alarm 1 arid 2 programmable 'parameters. 

The. microcomputer system and software provides an extensive set of communications I/O and routines 
for Interface to external equiprnent The comrtiunlcatibn's make use of the RS^232 level signals TXD (output) 
and RXp (Input), and the open collector outputs ALM STAT, INV STAT, and NINV STAT. 

The mlcrocornputer 66 and software program provide status inifomiatlon and a means to control the UPS 
system via a local inteiface which, W example; rhay comprise a four-digit, 7-segment LED display, three (3) 
status LED indicators, and four (4) pushbutton switches. 

A 4 digit LED display 84 may be provided to give the user access to the various metered data, setup para- 
meters, and alarm code infqrinatkin. Nohmaf. r^idily viewable data iridudes AC Input Voltage. AC Output Vol- 
tage. Percent Full Load. Run' Time! Battery Voltage, and Model Rating. Alarm code infonmation is presented 
.In the. form ^A X". where X Is a single digit code representing the type of alanrn. Alann code infonmatlon may 
be alternated with the relevant assactated m^feM^^ For example. Output overload alanm (code A 

1) is alternated with the^ calculated Percent Full Load. 

in the programming mode, the left-mod^ digit is used to describe which particular parameter is being viewed 
or aj^red, and is so indicated by rapid flj^^^ changed and entered, the flashing isislowed to in- 

dicate that the requested change Sft^srrt^^^^ ' " ' \' ' ' ' * 

LED's 89 can be provided bh; the front panel 88 for annunciation of system operating mcde and status, A 
green LED represents the stetuVof input ACiiri^. OFPi rid icates that input line is below the. boostable level. A 
SLOW BLINK indicates that the AC inpuf vdtage is l6w. but boostable to a suitable output voltage level. ON 
indicates that line is normal and between th toiV_HI. FAST BLINK indicates that line is above 

the y_HI setpoint The red LED Iridibates th(S» jjre^nce of one or nioire alarm conditions as described above. 
. The yellow LED indirates inyertor o^p^^ ' ^ ' 

Front-panel pushbutton iwitbhes 8 nriay bes provided'for control of the display, audible alanrt, access to 
view and change setup parameters, and invocation ^if the other desired fM In the normal mode of oper- 
ation, metered data may t»e viewed by depressing one pushbutton or two adjacent pushbuttons. The selected 
' iTietered data Is displayed for 5 seconds, theh^the display reverts to the rionmal display, either Run Time or AC 
Input Voltage. The CANCEL switch may be 0r^ssed to silence the audible alamn following an alanm condition. 
The self test features are invoked by depressing and holding the TEST switch. A special two-key entry method 
may be provided for access to user, factory; and calibration parameters. Multiple keys must be depressed and 
held .for approxiniately 2 seconds b accessihe setup and calibration levels. In this mode, two switches are 
used to Increment 'or decrement the value of tffie selected parameter; and the CANCEL and TEST buttons are 
used for parameter selection and entry. " 

The remaining! inverter ruri-time available from the battery is determined by'the microprocessor In accor- 
dance with the following procedures. * ' ; r 
During inverter operation: ' ?r , / : 
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For tR(INV)<tR (LINE) 

OTHERWISE tR(INV) - tR(LINE) 

where: , ; 

WINV) = estimated run^time on inverter usually iexpressed in 
5 Ki.Kj, = constants for proportionately and for adjusting the relationship's dependence oh load current. 

. lo(iNV) = inverter output load.current in RIWS ampere^^ . ' * 

Vb = battery terminal voltage. ^. 

Va= lower limit of battery voltage. ^ , 

Vpc = battery open-circuit, full-charge voltage. , ^ . . ' 

to tR(LiNE)= mn-time avaOable on inverter, but estimated during line operation while batteiry Is charging. 

In this i:x>ntext, it would be the last such value (»lculat4^^^^ \ 
After line input retums to acceptable quality and just pijpr to transfer firorn inverter to line, tfie following calcu- 
* ■* ' lation is made. ■ • . ■ ■ - .... " 

, vb(oc)c = yB,+ kjoONNO ; : ... 

15 where: 

Vb(OC)C = calculated open-circuit battery voltage. 

K3 = a constant equivalent to battery resistanciB referred to load current This value is recalculated during 
line operation and stored. 

Vb (OC) C and lo (INV) are stored for later reference. 
20 During line operation: : - 

Immediately upon return to line, the battery charger is held off for a period of time so that the open- 
circuited battery voltage can be measured. The hold-off tirne can be 0.5 to 1 .5 minutes. Then the following cal- 
culation Is made: - . „^ 

Vb(0C)M-Vb(OC)C ^. k3 

where: Vb(OC)M = measured open-circuited battery voltage. K3 value is refreshed by the above process 
if the following conditions are met ) , ^ , 

1) % load ^25%; 

2) tR{INV)<tR(UNE) .validating equation (1) ; , 
30 3) tR(INV)> low run-time alarm value; 

4) K3 changes by more than 10/256 . . ^ 

Vfc - Vll 

^ WRATED) _ ^ . 

and ■ ii - ' • -'^ : ^ ■ : ' . • • 

^ 5) new 

Then Vb(OC)C is replaced with Vb(OC)M: 

Vb(OC)C^Vb(OG)M> 

At periodic intervals. Vb(OC)C is updated: 

Vb(OC)C^Vb(OC)C + K4(At) 

^ where: . r - . 

K4 = constant expressing the change in open-circuit battery voltage for a given time inter/al and is related 
to battery capacity and net battery charging current Generally this contact is calculated from recharge date 
and is expressed |iV/sec. ^ 
At = periodic calculation interval. 
^ Then the following is calculated: ? : 

' VbC - VB(Oe)C K3 INLINE) , 

where: r . . , 

VbC = calculated battery terminal voltage. 
lo(LINE) = output current during line operation. . 
■ 50 . Finally: • -J 



t:R{LINE) =(K1 + 



55 



K2) 



(Vbc 






-Vbc) 



IJLINE) 

The remaining run-time tR(LINE) and tR(INV) can b made availabi for display to the user through the 
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user interface, with a Warning signal automatically provided if the mn-time drops below a preselected minimum 
level. 

Programmable Logic Device Operation 

The following description uses the definitions below. 
PEEL-PEEL is an acronym for "Programmable Electrically Erasable Logic". The device can be programmed 
and reprogrammed, ttiereby providing a versatile and economical implementation of digital logic designs. 

MACROSTATE-A "macrostate" (hereafter refenred to simply as state) describes a condition of, or a con- 
dition imposed upon, the uninterruptible power system 30 (UPS). Examples are inverter test state; line- 
interactive state; utility line-shorted state. Macrostates are used in this discussion to describe system conditions 
and system response from a -macro" perspective of the system. ' . , ^ 

^ MICRbsTATE--A"microstate" (hereafter 
of a digital logic state machine-which is a virtually physical portion of the digital circuit implemented in the PEEL. 
The difference between "iriacrostates" and "midrostates" will usually be apparent from the context of the dis- 
cussion Microstates are always assigned binary number representations and will be referred to by those binary 
number representations. However, there is sometimes a one to one correspondence among macrostates and 
microstates-where an ambiguity exists, tiie full tenm. macrostate or microstate.will be used. 

The PWM/static switch logic is preferably incorporated in the PEEL 90, for example, a 20 pin dual-in-lme 
20 integrated circuit conrimercially avaOaWe under &ie designation PEEL1 8CV8. 

The logic design resident in the PEEL 90 senses as an Interpreter of UPS system 30 macrostate Infonnation- 
-information regarding utility-line condition, user Interaction, etc.--whlch is provided to the PEEL by the system's 
analog circurtry and the microprocessor 66. PEEL logic (hereafter referred to as the PEEL) then coordinates 
ttie operation of tiie static switch and H-bridge inveiiers^^ 

Logic programmed into the PEEL is desi^ihed'to accommodate the following functions associated with 
PWM control of the H-bridge inverter 46 and the SCR static switch 35. 

PEEL FUNCTIONS ^ 

L STATIC SWITCH and INVERTER SUBSYSTEM COORDINATION, which is dependent upon UPS mode 
of operation. 

IL PWM BRIDGE-SWITCH SEQUENCING: ^ 

a. modulation sequencing; r * ' . / ;i :c 

b. dead-time generation (over-current protection); ' ; . ^ r^. 
35 c. switch shutdown due to over-current; ' 

d. reset of PWM and conduction iinriit hbldoff (CLH) RC circuits. 
III. SCR STATIC SWITCH DRIVER CONTROL: 

a. first pulse initiation; 

b. 19.2 kHz pulse coordination. ' 

40 IV. SUBSYSTEM TRANSFERS (istiatic Switch to inverter and vice versa): 

a. UPS mode discrimination; l . ^r. 

b. first transfer-pulse discrimination; ' 

c. inverter commutation of static switch. 

' * Fig. '1 5 depidts a macrostate diagram illustrating four modes of system operation whjch are selectable by 
tiie user. PEEL state-machine operation will be described by first enumeratingyarious UPS modes of operation 
concurrent witti conditions imposed on the UPS, and then by defining appropriate subsystem responses to 
these conditions. ^ > 

By means of the circuit shown in Fig. 16, the microprocessor sends two logicsignals to the PEEL-SSENBL 
(static switch enable) and INVENBL (inverter ehable); Hereafter, tfiese signals will be refen-ed to as SSON and 
INVON. The microprocessor interprets tiie keypad commands input by the user and passes thi§ information 
on to the PEEL in the form of ttiese two signals, provided tiiat the conditions imposed on tiie UPS are sufficient 
for operation in the selected mode. The inverter and static switch sut>systems will be operated with different 
sets of rules, depending on which system mode the user has chosen. These mles are expressed in a general 
manner in Table 1. 
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TABLE 1-SYSTEM MODES OF OPERATION 



SYSTEM MODE 


Binary SSON 


Number INVON 


GENERAL RESPONSE OF PEEL 


System Off 


0 


6 


Hold static switch AND inverter OFF, re- 
gardless of line conditioh. 


Line Only 


1 


0" , 


Hold static switch ON and inverter OFF. re- 
gardless of line condition. 


Inverter Run 


0 


1 - 


Hold static switch OFF and inverter ON, re- 
gardless of line condition. 


Interactive 

i 


1 




Hold static switch ON, except when line 
fault occurs—transfer to inverter until line 
fault clears. 



Besides modifying the static switch and inverter response according to each of these system modes, the 
PEEL coordinates the orderly transition of power between line and inverter during the virtually instantaneous 
transitions among system modes. The PEEL will coordinate these transitions and supplement other system 
circuitry in guaranteeing static switch SCR commutation through inverter control, and will provide instantaneous 
drive for the static switch pulse-transfomrier driver 291 as shown in Rg. 9, These additional operations are re- 
quired to provide smooth transfers between line and inverter under a variety of line-fault conditions. 

Before operation under each of the system modes is examined, and before power transitions are examined, 
it is appropriate to introduce the Boolean equations that define PEEL operation. The connection between con- 
ditions imposed on the system, represented by the input variables on the right side of the equal sign, and th 
response of tfie static switch and Inverter subsystems, represented by the output name located to the left of 
- the equal sign, can be seen. ThefoHojMng^efinitic^s Wli^^^ 
be noted: ... 

1 -- The PEEL source code assembler Boolean NEGATION operator. "Isson" means static switch enable 
signaljs false; "sson" means static switch enable? signal is true. In this example, the false condition conresponds 
to the static switch subsystem being inactive. ' 

&- The PEEL assembler Boolean AND operator. 

# - The PEEL assembler Boolean OR operator. 

System Boolean Equations : 
MICROSTATE DECODING SECTION- : 

(These equations detennine the next microstate base'd on tiie current state, cufrent system mode and other 
conditions) T . - 
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15 



Ql = SSON & INVON & !Q3 & Q2 & !Q1 & IPWMFREQ & ILFAULT # 
SSON & INVON & !Q3 & Q2 & IQl & ILFAULT & i GP # 
SSON & INVON & 1Q3 & Q2 & Ql & PWMFREQ # 

" ' ' issoN & iQl & iNyoN# ^ ; / 

ISSON & 192 & Ql & PWMFREQ # 
; IMVON & !Q3 & !Q2 & ILFAULT # 

INVON & IQ? & Ql & PWMFREQ & ILFAULT # 



Q2,= SSON & INVON &:1Q3 & !Q2 & IQl & LFAULT & 20K # 
^ SSON & INVON & 1Q3 & Q2 & IQl # 
" ^ * ISSON &^ & ILPULSEND # - 

ISSON & Q2 & Ql & PWMFREQ# 
•SSON & Ql, & PWMFREQ & ILPULSEND # 
20 INVON & Ql & PWMFREQ & ILPULSEND & ILFAULT # ^ 

, iNVpN & Q?: & & ILFAULT # ^ ~ 

!Q3 & Q2 & Ql i PWMFREQ , ^ / 

Q3 = ISSON & !Q3 & Ql .# j , ^ 
: ISSON & Q3 & PWMF*EQ^ # • ^ 
- INVON &r IQ3 / ! :v 

INVON & Q3 & PWMFREQ & ILFAULT 

H^RIDGE MOSFET SWITCH SECTION OUTPUTS^ ("B" switches aire low side; 'VV; W high s^^^^ are left 
side; '•2" are right side) ^- ^ , . , 
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40 



2B = ISSON & INVON & POL # 

SSON & INVON & ILFAULT & POL & Q3 / : V 
SSON & INVON & iQl & !Q2 & Q3 # ■ - . ; v 

v. SSON & INVON &- iL?y^l^.T^ & IQ? & Q3 # ~" 

SSON & INVON & !Q3 & Q2 & Ql & GP & 1 POL & lA # 



45 



50 



55 



25 



EP 0 514 171 A1 



SSON & INVON & IQ3 & Q2 & Ql & !GP & POL & lA 



to 



f5 



2 A = !SSOK & INVON & Ql & 1Q2 & Q3 & ! POL & LPULSEND # ' 

SSON & INVON & 1L.FAULT & i POL & QI & !Q2 6 Q3 6 LPULS£ND# 
SSpN & INVON & !Q3 & Q2 & Ql & GP & POL & LPULSEND/ 
SSON 6 INVON 1Q3 & Q2 & Ql & CP . & ! POL & LPULiESEN 
IB = ISSON & INVON & i POL# . . , 

SSON & INVON & iLFAULT !POL & Q3#' 

iSSON & INVON & !Q1 & iQ2 & Q3# , >: , , ^ / ; 

SSON & INVON & ILFAUtT & !Q1 6 IQ2 & Q3#^ 
SSON & INVON . !Q3 > Q2 & Ql & GP & POL & 2A# 
SSON & INVON & !Q3 & Q2 & Ql & !GP & IPOL &; 2A 
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lA = I SSON & INVON &\POL & Ql & !Q2; & Q3 & LPULSEND # _ 

SSON & INVON & ILFAULT & POL & Ql & !Q2 & Q3 & LPULSEND # 
SSON & INVON & !Q3 & Q2 & Ql & GP & 1 POL & LPULSEND #^ 
SSON & INVON & !Q3 & Q2 & Ql & IGP & POL & LPULSEND. 



SCR STATIC SWITCH DRIVER SECTION OUTPUT-^ 
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I INVON & !Q3 & . !;Q2, & IQl & 20K # 
INVON & !Q3 & !Q2 & !Q1 & LFAULT # 

Ql & 20k & LFAULT 



SSONOUT = SSON & 
SSON & 

SSON & INVON & !Q3, & Q2 £t 



the names on the left of the equal sign are the outputs of the PEEL." These connect directly to the static 
switch pUlse trsinsfonmeii^ drivers; to the H-biridge inverter solid state switches; arid to the .Pulse Width Modu- 
latibn (PWM) and cpricluctbn limit hold-off time constant reset switches; When the logical conditions of the sys- 
tem as defined' by the expressions to the right of the equal sign are true, the con-esponding output (physical 
device) will be enabled . / ' . . 

Signal Definitions: 

SSON-(Static Switch ON enable) is a logic level signal from microprocessor that pemiits the PEEL to 
enable the static switch, provided th^'PEEL recognizes that other conditions are also met 

INVON--(INVerter ON enable) is a logic level signal from the microprocessor that permits the PEEL to 
eriable the inverter, provided the PEEL recognizes that other conditions aire a^^ 

LFAULT -^(active Lowi line-FAULT) is generated by the line fault detection circuitry; this signal indicates 
that line voltage has deviated outside an acceptable voltage envelope. The first letter, "L", indicates that the 
signal is active low (when the signal is low. a line fault has occurred). 

20K-(20 Kilo Hertz) is generated by the 4040 ripple counter 442; this signal serves as the 50% duty 
cycle timing pulse for the static switch driver. 

GP-(Guard Pulse) is gen rat d by the microprocessor 66; this pulse sunrounds the zero cross point of 
the reference wav form. It is used to determine when a static switch commutation pulse is necessary. 

PWMFREQ-PEEL input signal generated from the 4040 ripple counter 442 and decoded with an eight 
input NAND logic gate before it nters the PEEL. It assumes a logic low for 408 nanoseconds at the 19.2 kHz 
inverter rat . Its function is to initiate the inverter cycle. 

LPULSEND-PEEL input signal generated by the PWM comparator or the Conduction Limit Comparator. 
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This signal assumes a low logic level when it signals the normal termination of a PWM pulse or a premature 
temiination of a PWM pulse due the high side H-bridge MOSFETS conducting excessive current. 

POL-(referenc voltag POLarity) is generated by the microprocessor, this signal indicates which po- 
larity the rectified reference voltage signal is representing at a particular moment in time. 

Q1 Q2 Q3-state machine latch-memory outputs. The associated latches store state condition mfomia- 
tion which, along with instantaneous state information, detemiines the next state and the present outputs of 
the state machine. ,^ \ > . 

System Off Mode > ' 

By examining combinations of the SSON and INVON signals present in the PEEL Boolean expressions 
given above one can see that no combinations of !sson & Ilnvon appear-since the combination does not ap- 
pear, the outputs are off (i.e.. false) by default-which means that no outputs will be enabled and the static switch 
and inverter subsystems are not active. , , ^ 

Because these two signals are also input to the decoding circuit portion of the state machine, the decoding 
circuit outputs will also be false by default; and the state machine will remairii"idle- in its 000 miciostate, the 
power-up/ready microstate. until after the microprocessor finishes its system checks and initiates a new nrrade. 

The PEEL "state flow diagram* of Fig. 17 will help illustrate transitions to the three remaining system modes. 

Each circle in the state diagram represents a unique microstate; each state has a name and a binary num- 
ber representation. Each digit of the binary number representation is equivalent to the logic level of the D-type 
latch Q output pins. Note that one can determine the relationship between any of the Boolean expressions and 
the state diagram by noting the logic levels of the Qs In the Boolean expression. For example. <!Q1 & Q2 & 
Q3> Indicates state Oi l . Any Boolean expression with this set of Qs either determines what the next state will 
be. or it determines what the current outputs will .be while the state machine remains in the state being repre- 
sented by the Qs. . , 

Line Only Mode and Static Switch Operation ^ ^ 

In the following discussion, logic input signals to the PEEL will appear in brackets. <*, to separate them 
from conventional text (e.g., <8son>); PEEL output signals wilj appear in brackets and will be capitalized (e.g.. 
<SSONOUT>). 

Line Oniy Mode & B^sic Static Switch Qjoeration: ' . • - 

"System Off" mode placed the state machine in State 000. Assume the user has now chosen Line-oniy 
mode. If after checking critical system coriditibns, the microprocessor decides ail conditions are satisfactory, 
it will change <!sson & linvon> to <sson & Iinvon>; which will dose the static switch, if the <SSONOUT> signal 
in the Boolean equationsjs examined, it is seen that the static switch will be enabled as spon as the 20 kHz 
^ signal changes to a high logic level: Np rnicro^tate transition needs to occur sinpe the, machi^ is ^^Iready in 
. microstate 000. As long as this state js mamtained by <sson & !invpn>, thej<Ss6NpyT?' signal, will toggle ON 
and OFF at the 20 kHz rate, which will prevent the static switch pulse transformers frorn saturating. 

As much as a 25 microsecond delay in the static switch turn on may occur while waiting for the rising edge 
of the 20 Khz signal; however, this is not critical for this particular mode of transfer. 

Complex Static Switch Operation 

The Line-interactive mode requires static stwitch operation that is more complex; an immediate SCR turn- 
.oh pulse is necessary to help proyide faultless transfers from invertpr to line. Output logic for <SSONOlJT>. 
shown in the first equation below, shows this, irnmediate pulse; when a line fault is cleared, the state transition 
, logic will first force the machine to state 000 where output logic can providjB the immediate pulse:' 
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output Logic: 

SSONOUT = SSON & INVON & !Q3 & IQ2 & 1 Ql & LFAULT # : : 
(inunediate ON pulse for the duration of 
state 000) 

SSON & INVON & 1Q3 & Q2 & !Q1 & 20K & LFAULT 
(subsequent. ^ 20 kHz pulses in state 010} 

But since the static switch SCR gates are driven by pulse transformers; the PEEL <SSONOUT> signal can- 
not be allowed to remain high or the pulse transformers will saturate and tfie SCRs will commutate at the next 
line^urrent zero crossover point Therefore, after the first, asynchronous static switch ON signal, synchronous 
pulses at the 20 kHz frequency will keep the pulse tiransfoimiers f^m saturating. This is accomplished by making 
a transition to the next microstate, 01 0; as illustrated by the first two product tenro that comprise Linennteractive 
state transition decoding for the second D-type flip flop. The second D flip-flop* correisponds to bit position #2 
in the binary state representation (Q3Q2Q1): 

State transition decoding: 

Q2 = SSON & INVON & !Q3 & !Q2 & !Q1 & LFAULT & 20K # 
(go from state 000 to istate -010) 

SSON & INVON & iQ3 & Q2 & !Q1 (remain in state 010) 

The fiist term causes the latches to change to 01 0 if UnHn^ 
holds thejsecond bit of the 010 state at 1 as long as the dtflity line is well behaved and none of the 
change due to a line fault By perusing the ^te decoding it can be seen there are no other cond<r(< 
will make the Q3 and Q1 latch outputs change to logic high as long as <lfauit> is Kigh and the systec' cv.oom 
not deselected. Subsequently, while the machine is in state 010, the <SSONOUT> signal is seem to be tme 
when the <20k> signal is high, and false when it is not. The <20k> signal represents a 19.2 kH, 50% duty cycle 
square wave which allows the, transformers drwing the^^^^ ' ' 



Output logic: 

SSONOUT = SSON & INVON & IQ3 & 1Q2 fi !Q1 & liFAULT # ^ 
(immediate ON pulse) 
SSON & INVON & !Q3 & Q2 i !Q1 & 20K ^ LFAULT 
(subsqnt. pulses) 

Note that the logic that drives the physical deyice a function of the microstate, which determines the op- 
erating rules for the static switch subsystem. 

Inverter Run Mode v . , . . . 

The H-bridge inverter is illustrateted in Figs. 2 and.10. Each of the four switches 132-135 illustrated rep- 
resents up to several paralleled Metal Oxide Sflicon Field Effect Transistors (MOSFETS). The PEEL 90 output 
logic indirectly drives these solid state "switches" through power-up fail safe circuits induding the NAND gates 
366-369 and the resistors 381-384. and current-boosting MOSFET gate driveir circuits 340-343. 

Power is provided to the critical load by pulse width modulation of 19.2 kHz carrier with a 60 Hertz sine 
wave reference signal. The. PEEL works in conjunction with analog circuitry to implement power delivery by 
suitable coordination of the bridge switches. 

Refemng to the state diagram of Fig. 17, note the six states positioried on the lower part of the diagram. 
Fundamentally, each of those states represent different aspects of the PWM modulation, which are enumerated 
below. 
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TIME CONSTANT RESET: states 000 and 001- , 

State 000. when in Inverter Run or Une-interactive mode, serves as the initiation of the PWM and Con- 
duction Umit Holdoff (CLH) TIME-CONSTANT RESET signals. ^ 

PWM/CLH time-constant-reset - 

The 19 2 Khz inverter pulse is modulated by charging a simple RC circuit composed of a resistor 397 and 
a capacitor 391 and comparing the resulting voltage value In comparators 392 and 448 agamst a reference 
voltage, as illustrated in Fig. 18. When the RC voltage exceeds the reference, the pulse is temninated and the 
high side bridge switch is deactivated untfl the beginning of the next cyde. At that time, the capacitor of the RC 
.circuit must be quickly discharged, to make the circuit ready for the next cyde. 

The MpSFET 402 and the anatog switch 451 are controlled by the <TCRST> output of the PEEL 90 at its 
;pin i2 The signal from the pin 12 represents the negatfon of the dS D-type fliMop output (tcrst = !q3). As can 
be seen from the state diagram, this occurs diirihg both the 000 and 001 states. Since the fundamental state 
timing ctock rate provided to thei?EELfrom the;404b divide-by-n ripple counter 442 is 2.45 Mhz, and the state 
transition from 000 to, 001 in this mode of operation is determined solely by the occurrence of the dock signal, 
the time constant reset period will be two dock cydes, that is 814 nanoseconds. 

DEAD-TIME GENERATION: states 000.001 .1 11,110- 

States 000 and 001 serve as the dead-time generation states at the bejginning of each Inverter cyde. In 
this PWM modulation scheme, the left-oriented high and low side bridge switches 132 and 134 will alternate 
conduction up and down for one half of a nominally 60 Hz cyde at the 19.2 Khz rate: Upon polarity change of 
the 60 Hz modulation reference, the right-oriented switches 1 33 and 1 35 will repeat the pattern for the negative 
half cyde It must be guaranteed that the high side switches are complete turned off before the bottom sid 
switches begin to conduct or a dired short will occur from the battery 47 to ground. An identical situation is 
true prior to high-side switch condudion. ; 

The 814 nanoseconds of dead-time provided by states 000 and 001 can be thought of as the dead-time 
generatton that cxxnirs after bottom side switch conduction in either left-oriehted or right-oriented switch pair 
operation. During this time. three of the foiir bridge elements are turned off while the fourth, which is always 
on the opposite side of the up/down conduction secjuence, remains continuously on. The. parameter that con- 
trols the opposite side. lx)ttom sWitches in this mode of operation, is the <p6l> (reference polarity) signal: if 
<pol>. then the bottom side switeih 2B is hdcl on; if <!f>6l>. then IB is held oh (see Boolean. equations for IB 
and 2B). Signals <pol> and <!pol> Wni alterfiatel at^ rate corresponding to the norninally 60 Hz cycle. 

States 1 1 1 and 1 10 are the high-side switch, post-conduction dead-time counterpart of the 000 and 001 
states. . r 

PWM POWER PULSE: state 101- , , ^ . , 

The transition from dead-time state. 001 . to power-pulse state. 1 01 . is dependent only on amval of the next 
2.457 megahertz clock pulse after state ,001 had been entered. New state, 101. will remain active until either 
the PWM or Conduction Limit comparatDr(s) signal. <1pu!send>. is driven to a low state, or the <!pwnrrfreq> 
signal aniyes.The <!PVyMFREQ> signal indicates the end of the inverter cycle period, while logic low signals 
provided by the PWM and Conduction Limit ci)rriparators are logibally ORed together to fonm the <1pulsend> 
signal. 

Upon arrival of either of these signals, upper side switch conduction will be terminated and either (1) the 
first of the high-side, post conduction, dead-time states, 111. will be entered ~ which means termination was 
due to PWM or Conduction Uimil, or (2) the beginning-of-cycle dead-time state, 000. will be entered - which 
means the inverter is in a condition of maximum pulse width modulation: therefore, the pulse and pulse width 
state, 1 01 . is tenminated by the beginning of the next inverter cycle, signaled by <!pwmfreq>. 

Note that any time the next inverter cyde is initiated by the <!pwrhfreq> signal a state transition is made 
from the current state - any one of 101. 11 1 or 100 - to the 000 state, at which time the PWM RC drcuit is 
reset in preparation for the next power pulse, aiid the cyde rep ats: ' 

BOTTOM SWITCH ON: state 100 " ^ . . 

If the inverter is hot in a condition of maximum PWM,- state 1 00 will be entered after the second dead-time 
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generation states, 111 and 110, have been traversed. States 11 1 and 110 provide 1514 nanoseconds of dead- 
time between highrside switch conduction (1A or 2A) and the con- spfondihg low side switch that is about to 
be turned on for the duration of the inverter cyde. . * ^ 

Upon entering state 100, the appropriate low side switch will be enabled; the opposite low side switch is 

5 already on; being controlled by <pol>/<!pol>. as previously discussed. State 100 will remain active, and both 
bottom side switches will remain on until <!pwnrifreiq> initiates the beginnirig of the next Invierter cyde. 

Note that the Inverter Run system mode could be tenrninated anywhere in the inverter cyde when a different 
system mode of operation's reflyested. If this occurs, the states will either continue through the normal inverter 
sequence if the mode chosen Is the line interactive mode, or drop directiy into state 000, which serves as eitiier 

10 the static switch initial pulse state or the System.off state (according to <sson> and <invon>). For example, 
any of the six states that are legal states in the inverter Ruri rriode are also legal states iri the Line^lnteractive 
mode. Therefore, rf the mode changed to Une-iriteriactiye mode and a line fault exists, the inverter will simply 
continue on ttirough its sequence, If no line fauft exists, the PEEL wiO Immediately drop into statB 000, enable 
tiie static switch and continue line-interactiye operation, discussed below. ' 

IS ' - . - • • ■ • . ■ ■ \ 7 ' . \ ^ j;— = 

Line Interactive. Mode ^ - ^ - ^ 

The following focuses upon the critical trahsltibns between static switch and inverter operation. 
The inverter behaves much the same in Line-interactive mode as it does in Inverter Riin mode^ except tiiat 
20 transitions between static switch enabling and inverter enabiling are controlled by drcuitiy that arialyzes tiie 
condition of the utility line. This information is passed on to the PEEL In a "go/no-go" signal called <lfault>. The 
signal assumes a low state when ttie system's line condition detection circuitry determines line voltage has 
made an excuraion outside of a permissible voltage envelope. 

Line-interactive mode also includes two additional states. 010 and Oil, which are line-Interactive static 
25 switch ON state, named LISBON, and power-pulse/static-switch-commutation state, named PWRPULS, re- 
spectively. ^ 

To understand the transitions betweeri static switch enabling and inverter enabling, assume line condition 
is acceptable and the USSON static switch 19.2 Khz pulse drive state is active. Then a line fault is detected 
near the peak of the tine voltage, so the -cllfauH^-signal appears at the input to the PEEL The cohdition causes 
30 tfie state machine to drop into state 01 1 ~ it cannot move from that state until <!pwin^ ocicura, which signals 
: tfie end of tfie inverter, period. During this state tfie apprpprifirte bridge sywtches are tumed on, subject to control 
■ by the <pol>/<!pol> signal,, and they will remain on until the state is termiriated due to the occurrence of 
<!pwmfreq>. The <pol>/<!pol> signal ensures that energy is being provided to tfie load. Pwm modulation will 
have no control over the duration of the power pulse while in state 01 1: its duration is dependent solely upon 
35 when the line feult condition occunred asynchronously relative to the synchronous <Ipwmfreq> signal. The dif- 
ference in time between the occurrence of these two signals will be the duration of tfie power pulse. This process 
■' " aids in providing smooth transition of .energy firom line toJriverte^^ 

Upon arrival of <lpwmfreq> theOII power pulse state will be vacated ihfavorof state 000. At this time th 
inverter operation will continue as described under Inverter Run mode, and re-synchronization froirii the initial 
40 power pulse to a nominally 60 Hz modulation sequence js achieved. In the short term, tfie Invertier will continue 
to run inthe Line-interactive mode until the line fault is deared, as is signaled b)f <ifault> securi^^^^ 

' 'State.- ■ ■ ^ - \ 

However, if the line fault is of significant duration - for many 60 Hz cydes - the microprocessor automat- 
ically changes the system mode of operation from Une-interactive mode to Inverter Run nnlode until ttie micro- 
45 processor can determine, through the system's monitoring circuitry, that line returns to a value wittiin an ao 
- ceptable rms voltage envelope. The riris voltage envelope is an evaluation over many cydes - different from 
the instantaneous voltage level envelope utilized for static switch to inverter transitions while in Line-interactive 
' mode, where the evaluations occur virtually Instant by instant 

This completes the description of the four modes of operation,-- system off, inverter run. line only and line 
50 interactive - and how the PEEL 90 coordinates the inverter and static ^witch subsystenris. 
Tohelpdarifyth correlation between syst m mode of operation , niiclrostates. syste 
enabling, the Boolean equations are again presented in Fig, 19 but witti groups of factors partitioned to illustrate 
how system modes, microstates and sp cific device actions are implemerited in the expressions. 

55 Auto-Load S nsing . 

Auto-load sensing is a convenience feature that allows the user to have one on/off switch of a load which 
is connected to th UPS 30 to automatically switch on and off three other loads connect d to ttie user's UPS. 
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Withthisf ature loads whose on/off switches are inaccessible.suchasacomputerunderadesk can tocon- 
S ^Lt." For thte to worK. the three "slave- loads are left pennanently - ^^^^^^ 
as the video dfeplay terminal direcUy in front of the user, becomes the mast r on/off switch for all UPS loads. 

Referring to Rg. 20. when the load connected to the master outlet 40 is switched on an auto- oad current 
tran^rZr JeO senses the load iJurrent and sends a signal on a line 462 to the auto-load senses circuitry 464^ 
Sarr(^dsensecircuitry464d 

dc^a S conSct 467 to apply power to the slave outlets. In a likewise manner, in the absence of a signal 
iThe a^to-iSS^rrentsens'^^^^^^ the auto-load sense circurtry 464 turns off the autc^load relay 

/''r:rio'ri™^4^^^^^ 

transfo^erSS) develops a Voltage across > resistor 470 when the load on the master butlet 40 'S swrtched 
.rfrvSt^e fe appL tl^rough a resistbr.471 to the inverting '"P"* <>^ ^'"P''"^^ ^^"^^^^^^^ 
, ^istor,474^1ected toset the gain of the amblifier circuit Negative half-cycles are amplified by the a^P'Je^ 
and sentio. the microprbi^or 66. Should the amplified signal become greater than 5 volts, a diode 476 
will turn on and damp the output so as; to not;pver1oad the microprocessor input ^ . 

P^i^Ie half cycles^the sen^d slgnals^^^^^ 
The negative damped signal is blocked from trte microprocessor by a diode 479. 

The half-wave rectried signals amplified by the amplifier 473 are averaged in the microprocessor 66 
Should the averaged result be above a software setable threshold the microprocessor will output a signal which 
feeds the driver. The present invention allows the average current level through the master outlet which triggers 
turn on of the slave buflets to be selected in the software of the microproceissor; For example, the main con- 
.:: suming device may d^aw a low current in a -sMp" mide. and a higher diinrent when active which can trigger 
turn-on of the.auto-load relay and suppl^'pbW^r to the' slave butlets. The driver 291 provides a power signal 
on a line.;489 which in turn wBl turn the auto-load relay 466. The diode 482 damps the flybad^ current from 
25 the relay coil when it Is turned off. 

• Battery Charger Operation . 'r. ., ' "" I 

By using the main transformer 44 and the "Ij" bridge from the inverter 46. the UPS of the present invention 
30 provides a simple, yet very cprnplete'W ef^^^^^^ 

The l>attery chaiger. herein descnbW. uses a Constant voltage method with a temperature-compensated 
, . setppint to charge the batteries in a^ rel|ith^eiy Short of time. It is also protected against input oveivoltage, 

, andJimits the maximumcunentsupp^^^ . , , ■ . ' -ij'" [^''^nxiio^Atitrr^ 

Fig 22 shows a schematic of the char^fei-cirfauit: The main transformer 44 steps down the 120 VRMS from 

'5 the AC line to 12 VRIWIS. Thfe voltage is reHfified by using the intrinsic diodes i 43 and' 144 of the bottom side 
:swiidies (IB 2B) of the "IH" bridge arid tlie%«a=additional rectifiers 147 and 148. Furthermore, the intnnsic di- 
. odes 141 and 142 of the upper sidel^wjtcK^^^^^^^^^ 
tage increase, providing overvoltage prbfectibn for ttie battery charger. • ' ■ ^ ' ■ ■ 

Because the average rectified vbltSgWbf the cbpiacifor l 50 isabciut 16V. a vdtage converter is needed to 
provide the required voltage (26.9v @' Sl -Q) tb dhargfe the battbries 47 with thei constant voltage method. A 
high frequency switchmbde booster convb^^ 

An integrated circuit 155 (e.g!. an MCai4b63AP from' MOTOROLA) is the main cbntrolier of the charger. It 
has a NPN transistor (illustrated at 156 in Fig. 2y capable of Pitching lip to 1.5A; a 2% reference voltage for 
output voltage regulation, timiiig circuitry, and a tairreritsensedrcuitto limit the maximum switch current 

A sample of the output voltage is supplied to the contrdler via a resistor 490. If the sample voltage is less 
than 1 25V the intemal sWitch 156 is closeSd. corisequemtly. the cun^nt in the inductor 151 increases lineariy 
until the voltage drop across the limiting resisipr 491 reaches 0.33V, that is. a maximum current of 1.5A 
- / when the internar switch i4 open, the stored energy in 

schottky diode 157; The time that the sWifch remains' open is oontrolied by a capacitor 493. The operating fire- 
M quency of the switch is preferably about 50- KHz. ■ 

This operation will continue as long as the sample voltage is less than 1 :25V. Note that a +SV signal from 
the microprocessor disables the charger. . ■ -. . 

Temperature comperisatbn of -3mV/cbll/C is jiossible by adding a NTC thennistor494 in the vdtage feed- 
back network. A r sistor 496 is used to linearize the overall temperatoite 'characteristic in the range of OC to 

55 50Cdegrees.' -^^ . • 

An FET 499 will bpeii theVoltag feedt^ack hietwork when there is'nb AC line present.cutting a useless 
battery discharge path. Capacitore 501 and 150 filter out the high frequency for a better EMI perfontiance. 
When th UPS is off but the AC line is present, the batteries still can b charged by drawihg power from 
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the voltage sense transfbnner 53. When the UPS is off the +24 VSW power supply is not available, therefore, 
the open line relay disconnects the main transfonmer 44, and the forward biased dariington transistor 503 allows 
the charger to draw power out of the voltage sense transformer 53 through a full bridge of diodes 161-164and 
a blocking diode 506. When the UPS is on, the dariington transistor 503 is reverse biased, thereby preventing 

5 loading of the signal from the voltage sense transformer. 

When a line fault is detected, the inverter is tumed on immediately. This produces a step voltage in the 
"H" bridge from the transfonrned AC line voltage to the battery voltage. A sudden voltage change like this would 
produce very high inmsh current flowing through the ujpper side switches, rectifiers 147 and 148; and the ca- 
pacitor 150. This inrush cunrent would trigger the current limiting circuit of the inverter, degrading the UPS trans- 

10 fer response from line to inverter. To prevent this condition an inductor 507 is included in series with rectifiers 

147and148. . . - , ' - .'V ' " .f ^ "'V ' T ' ' 

In summary, the battery charging. system of the present iriyentlon has several advantageous features: 
By using the main transformer and "H" bridge f^m the irivertar and the rhohitbr trahisfonTier from the 
input voltage sense circuit, this system will charge the battery as ibrig'ias AC line Is present: ' 
15 . Because of the high efficiency of the boost converter, the system does not generate heat and therefore 
no cooling or heatsinking is required. / 

The temperature compensation of the charger extends the expected life of the batteries. 
. Despite Its simplicity , the charger system has intrinsic Input oveirvpltage protection, and limits the maximum 
supplied current. - _ . 

20 The current capacity of the charger system can be easily doubled by using an upgraded versk>n of the con- 

troller (e.g., an MC341 63). 

It Is understood thatthe Invention is not confined to the particular embodiments setfohh herein as Illustra- 
tive, but embraces all such nrK)dified forms thereof as opnie within the scope of the following claims. 

26 v.. -v ■ . ' ' • ■ 

Claims - y . , , ' 

1. AC line fault detection apparatus comprising: ■ / 

(a) means for sampling an AC power line input voltage at periodic time's and provkling digital output 
30 r \ : dataf corresponding to the sampled inpii volta^ ^ ' 

(b) means receiving the digital data corresponding to the sampled AC power line voltage and for pro- 
ducing a reference waveform at selected sample times du^^ 

each reference value at each sample time comprises 

of the cyde of the AC wavefonm presentiy being sampled and prior cycles of the AC power voltage sig- 
35 nal; 

.'(c) means for providing digital data corresponding to the refe^^ 

quency and phase to the AC power voltage signal; . .. 

(d) digital to analog conversion means receiving the digital referer^ 

analog reference waveform signal corresponding thereto; 
40 (e) means for providing a selected relative seal in^ pf the magnitudes of the AC, poweir line voltage and 

the analog reference wayeform signal to proyide a selected iriagnitude tolerance band between the ref- 
erence signal and the AC power line voltage; . 
. (f) a comparator receiving the scaled AC power line voltage and the analog refe^^ 

at its inputs and providing an output signal indicating a line fault if the d^^ 
45 the two input signals is greater than the selected tolerance band. , 

2. The apparatus of daim 1 wherein the means for providing a selected scaling provides a biasing voltage 
to one input of the comparator to provide, a selected yoltage tolerance band between the AC input signal 
and the reference signal. 

3. The apparatus of Claim 2 wherein the comparator further includes a feedback path from the output of the 
comparator to one of the inputs of the comparator through a resistance to increase the allowable tolerance 
band between the AC input signal and the reference signal during normal operation where no line fault 
hasoccunr d, iand to decrees the tolerance band during occurrence of a line fault wherein the AC line 
voltage compared to the reference voltage was outside of the tolerance band, whereby the line fault output 
slgnal from the comparator will be cleared only if the AC input signal retums to a level which is within the 
narrow r tolerance band about the reference waveform signal. 
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The apparatus of Claim 1 including means for providing a guard pulse signal to on of the mputs to the 
comparator for a selected period of time around the anticipated zero crossings of th reference voltage- 
and th AC input voltag to prevent the comparator from changing its output state at times adjacent to 
' - such zero crossings. - . 

The apparatus otaaim 1 wherein the AC power line input voltage is rectified to provide only unidirectional 
voltage to the comparator and the reference voltage wavefomrt is provided to the comparator as a unidir- 
■ ectional voltage. - - , . , 

.An unintemjptible power system Wnnectible to AC power system lines at'its input terminals and to a load 
at its output terminals, comprising: ' . 

(a) an auxiliary power supply battery; ' 

(b) e mpower supply path from the input femilnals to the output teiminala to nomnally supply power from 
an AC pnawer system connected to the input terminals to a load connected to the output terminals; 

■ (c) means responsive to control signals for irit^rrtpting the supply of jpower through the power supply 
path frorn the AC jwwe^^ tio the load iand for selectively providing AC power from the battery 

to the power supply path and thence tb the load; 

(d) control means for providing control signals/upon occurrenc^f of a lino fault on the AC power system 
lines, to the means responsive to control signals to cause the supply of power to the load to be trans- 
ferred froin the AC pwer system to ttie batter^^ 

(i) means for sampling the voltage on the AC power lines art the input terminals at periodic times and 
providing digital output data corresponding to the sampled input signal; 

(ii) means receiving the digitial data corresponding to the sampled AC power line signal and for pro- 
ducing a reference wavefomi at selected sample times during the period of the AC line signal, where- 
in^each reference value at each sarnple time comprises d selectively weighted average.of sample 
values of the cyde of the AC wavefonm presehtly being sampled aind prior cycles of the AC power 

line voltage; . . 

(iii) means for providing digital data corresponding to the reference wavefonm data synchronized in 
frequency and phase to the AC power line voltage; 

(iv) a digital to analog conversion means receiving the digital reference wavefonm data for providing 
an analog reference wayeform signal corresponding thereto; = 

(v) means for providing a selected relati^^^ 

and the analog,referencewwefomi si^^^ band between 

the reference signal' and the AC 

(vi) a comparator receiving the scai€«l AC inpiit signal and the reference wavefonm signal and pro- 
vidirig an output signal m^lcatin^ a iine^fo the difference in its inputs is greater than the selected 
tolerance input band^ 

7. The uniht6mjptible power s^tism of aairn 6, wherein the means responsive to control signals includes 
an Inverter comprising gate controlled switching devices connected in an H-bridge configuration to receiv 
DC power across one islde Of the bridge from the battery and tb provide AC powen across the other side 
of the bridge to the power supply path and iridudirig filter means in the power supply path between the 
in^ertet and the output tenminal for low pass filtering and the output vdltage from the inverter and wherein 
the controlmeans controls the switching de^^ modulated mannertopro- 
vide a substantially sinusoidal output voltage wavefonm at the output tenminals with the width of the pulses 
provided from the Inverter selected to provide a desired output waveform, the waveform selected to match 
th^ wfiweforinoftheACIinepbweratthetiriie i^ sothat a substantially continuous 
output voltage waveform Is provided at ttie output terminals during switch-over from AC line power to power 
from the inverter, 

8. The unintemjptibie power system of Claim 7, wherein the means responsive to control signals includes a 
transfonner having its secondary connected in the power supply path and ite primary connected to the 
inverter. bridge to receive AC power from the inverter bridge. 

9; The unintermptiWe pbwer system of Claim 7, further induding means for sensing the output cunrent sup- 
plied froni the output terminals to the load, arid wherein the desired output waveform provided by the con- 
trol means is the reference waveform coriipensated by the measured current being drawn by the load. 

10: the uninterruptible power system of dalm 9 of wherein the desired waveforrn A/REf=i* .is detenmined in ac- 
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cordanc with th following expressions: . . 

■ . --J VREF »= VREF + R(10 + )- R(l6 -) ^ 

when the reference voltage is In the positive halfcyde, and - 
VREF ♦= VREF + R(IO + ) + R(l6 - ) 
5 when the reference voltage is in the negative halfcyde and wherefinlO+ is 

' in a positive direction, lO- iSithe sensed output current in a negative direction, iand R is a resistive scaling 
factor - _ .... 

11. The unintermptible power system of daim 7, wtiereih the inverter H-bridge has four arms with switching 
io devices in upper and lower arms of the bridge and with the DC input'to the bridge being provided across 

the upper apd lower arms, and with the output of ttie bridge being taken between the injunctions between 
the switching devices in the upper and lower arms on each side of the bridge, and wherein each of the 
gate controlled switching devices comprises a piuraUty of FETs with tfte number of FETs In the switching 
devices in each arm of the upper anms of the bridge being less than thei number of FETs In the switching 

^5 devices in each of the lower arms of the bridge, and wherein the controi means controls the switching of 

the FETs such that between pulses of output power provided from the inverteir to the power supply path, 
the control means turns off the FETs in the upper arms of the bridge and turris on the FETs in the lower 
ami of the bridge to allow cunrent flowing to the load to fi-eevirtieel through the switching devices in th 
lower arms of the bridge, whereby the overall duty cyde for individual FETs in the upper and lower anms 

20 of the bridge over a full cycle of the inverter tends tb be equalized. / 

12. An unintenuptible power system connective to AC power system lines at input terminals and to a load at 
its output terminals comprising: . . , 

(a) an auxiliary power supply battery ; , ' 

(b) a power supply path from the input terminals to the outj)ut 

an AC power system lines connected tb the input tenhinals to a' load connected to the output tenminals; 

(c) static switch means connected in the power supply path for responding to control signals to intenmpt 
■ the supply of power through the power supply path froin the AC power system lines to the load, the 

static switch means induding parallel connectcfd SCRs connected with opposite polarity in the power 
: i '. supply path and gate drivers connected , to the gate^^ 
^ : - (d> means connected to receive DC power from the iauxiliiary battery, and for sielectively providing AC 

"> V power to the power supply path between, the s;tatic switch means an^ the load, including an Inverter 
. comprising gate controlled switching devices c»niiected in an^H^^^ 
er across one side of the bridge from the auxiliary battery and pro 
, -of the bridge to the power supply path; - , , 

(e)fcontrd means, connected to provide cpnttpl signals to 

the gates of the gate controlled switching devices of the inverter, and Induding nfieari)^ for sensing the 
voltage at the input tenninals to detennine , when a power line fault pccurs^ 
fault for providing control signals to the gate drivers of the S^^ 

providing control signals to the gates of the switching devices of the inverter bridge to provide a pulse 
^ of voltage to the power supply path to reverse bias an SCR of the static switch that may be conducting 

at that time, and thereafter providing control signals to the gates of the switching devices of the inverter 
bridge in a pulse-width-modulated fashion to generate an AC output waveform at the output tenminals 
of the power supply system. r 

^ 13. The uninterruptible power system of Clairn 12. wherein the control means controls the switching devices 
of the inverter in a pulse-width modulated manner to provide voltage at the output tenminals with the width 
of the pulses provided from the inverter selected to provide a desired output wavefonm selected to nratch 
the waveform of the AC input power at tiie time a line power fault is detected, so. that a substantially con- 
tinuous voltage output waveform is provided at the output terminals during switch-over from AC line power 

^ to power from the inverter, and wherein if the line fault is detected during a selected period of time around 

the zero crossing of the AC input waveform, the control means provides a control signal to the inv rter to 
reverse tiie polarity of the normal power pulse tfiat would be provided by the inverter to force comrnutate 
' ' offth SCR in the static switch which is conducting. ^ 

14. The uninterruptible power system of claim 12. further induding a relay having mechanical relay contacts 
connected in the power supply path between the Input terminals and the static switch means wherein the 
relay contacts are opened dr closed in respionse to a control signal provided to the relay, and wherein the 
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control means provides a control signal to the relay to open the relay contacts when a line fault is detected 
after the control means has controlled the static switch means to turn off the SCRs in the static switch 
means and wherein th control means provides control signals to the relay to close the mechanical con- 
tacts of the relay before the control means provides control sighals-to the SCRs of the static switch means 
to turn them on to resupply power from the AC power system lines to the load after there is no longer a 
line fault on the AC power system. 

15. The unintentiptil)le power system of Claim 12, wherein the control means further comprises: 

(i) means for sarn^Ung the AC power line signal at the input temiinals signal at periodic times and pro- 
viding digital output data corresponding to the sampled input signal; 

(ii) means receiving the digital data corresponding to the sampled AC power line signal and for produc- 
V . ing a reference wavefoim at selected sample times during the period of the AG line voltage wherein 
- ' 'each reference value at each sample time comprises a selectively weighted average of sample value 

> of the cyde of the AC waveform presently being sampled 

- ; im) means for providing digital data corfespondinjg to the reference wavisfomi data synchronized in fre- 
qoency and phase to the AC power line voltage; ; . . . 

; . <iv) digital to arialog conversion means receiving the digital nsference wiaveform data for providing an 
an^og reference waveform signal qorrespondihg thereto; 

(v) rT»ear»s for providing a selected relative scaling to the magnitudes of the AC power line voltage and 
the analog reference waveform sigiiaJ to provide a s^^^ 

i ' erance signal and the AC power line voltage; 

(vi) a comparator receiving the scaled AC power line voltage and the reference wavefonnn signal and 
providing an output signal indicating a line fault if the difference in magnitude between the two signals 

' r is greater than the selected tolerance t)and. 

16. The uninterruptible power system of daim 12, wherein the nrieans connected to receive power from the 
auxiliary battery indudes a transformer having its primary connected in the power supply patti between 
the static switch rneans and the ou^^ 

L ceive AG pQwer from the inverter bridge. _ 

^ . 17.' The uninterruptible power system' of Claim 13. wherein ttie control means indudes means for sampling 
the AC power line voltage at the input tenfhinals at periodic times and providing digital data corresponding 
to the sampled input, means receiving the digital date corresponding to the sampled.power line signal and 
. for prpdudng a reference wavefdirm at selected sample times during the period^ of :t»ie AC line vdtage 
' wherein each reference value at each sample time comprises a selectively weighted average of sample 
values of tlie cycle of the AC wavefonri piresently being sampled and prior cycles of the AC power lin 
voltage/ means for providing digital data corresponding to the reference waveform date synchronized in 
frequency and phase to the AC power line vdtage, and a digital to analog conversion means receiving 
^ , the digital reference wavefomi data for providing an analog reference waveform signal corresponding 
: ! tiieretb. and wherein upon detectibnbf a poWer line'fault the switching devices of the inverter are controlled 
^ ; In a pulse-widtb-mbdulated manner to provide ah AC output waveform from the inverter which tracks a 
desired waveforfn comprising the referOT^^^ 

itai'data calculates reference WaVefonn" values at each sample time:as a selectively weighted average of 
" a pure sinuspidar waveform stored in a memory and the prior reference wavefonm . and recalculates the 
* reference w^vefonn in this hianner for eadi cyde of the output wavefonm from ttie inverter. 

1 8. The uninterruptible power system of Claim 1 7. further including means for sensing the output current sup- 
, . . plied from the outputterminalsto the load, and wherein the desired output waveform provided by the con- 
!' ' . trol meansis the reference wavefonrh compensated by the measured current being drawn by the load. 

50 19. The unintenuptible power system'of Claim 1 8,-wherein the desired vyaveform VREf* is detemiined in ac- 
cordance with the following expressions: : ^ . : / ; , . , 

; VREF * = VREF + R(IQ + )- R{IQ - ) 
when the reference voltage is in the positivcf halfrcycle, and . . - v 

- VREF* = VREF- R{IO + ) + R{IOr) . ^ . 

65 ■ ■ When the ref fence voltage is in the negative half-cyde and wherein lO+ js the sensed output current in 
a positive direction, lO- is th s nsed^cutput current in a n gatiye direction, and, R is a resistive scaling 
factor. 
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An uninterruptibie power system connectable to an AC power systerh at input terminals and to a load at 
its output tenminals, f»mprising: 

(a) an auxiliary power supply battery; 

(b) a power supply path from the input tertninals to the output tBmfilnals to norrhally supply power from 
AC power system lines connected to the Input temnlnals to a load connected to the output tenrnlnals; 

(c) static switch means connected in the power supply path for responding to control signals to interaipt 
the supply, of power through the power supply path from the AC power system lines to the load; 

(d) a transformer having a secondary having temninals connected to electrical supply lines forming the 
power supply path between the static switch means and the load, the transformer having a primary wind- 
ing and also having at least one intemiediate tap in the secondary winding; 

(e) means connected to receive power from the auxMiary battery arid for responding to a control signal 
to selectively provide AC power to the prirnary of the transformer tio thereby provide power to the output 
terminals when power is not available from the AC power system lines connected to the input terminals, 

a; . ' ■ 

(f) low pass filter means in the power supply path for providing low pass filter power to the output ter- 
minals and the load which is substantially free of switching tran^^^ 

(g) a boost relay connected in the power supply path between the static switch means and the secondary 
of the transformer, the boost relay means having a relay contact switehable between multiple positions, 
in one position the relay contact connecting the static switch directly to one of the terminals of the sec- 
ondary of the transfonner and in another position to an intenmediate ta^ of the secondary of the trans- 
former, the boost relay being responsive to a control signal to change position of the relay contact; 

' (h) control means for detecting a low voltage or brownout condition of the AC power system and for 
providing control signals to the static switch means, the Inverter means and the Ixxjst relay upon oc- 
currence of a selected low voltage condition on the AC power system lines to sequentially control the 
switch means to switch off power through the power supply path to the load, turn on the inverter means 
to supply power to the load through the transfonrner, switch the boost relay from a normal position in 
which the relay contact supplies power from the AG power system lines through the static switeh means 
and the relay to the load to a second position wherein the static sfwitch rpea^ is connected to the in- 
termediate tep of ,ttie transfbnner. turn off the inverter, and turn on the static svvitch rrieahs to provid 
power from the AC power system to the intenmediate tap of the secondary of tti^ transfonmer such that 
the secondary of the transfomier provides OT auto-transfonmer function to boost tiie effiactive output vol- 
tage at the terminals of the secondary above the voltage provided from tjie AC power system lines with 
sut)Steritially no disruption of the wayefonm of the yoltege provided to the load, 

The uninterruptible power system of Claim 20. wherein the contrdl nieans detenrniries when the low voltage 
^ condition on the AC power system has ended and sequentially opntrols the stetic switch means to cut off 
power from the AC power system lines to the load, turn on tiie inverter means to supply power from tiie 
battery through the inverter to the load, switch the relay contact of ttie l?oost relay to provide a direct patii 
through the relay from the static switoh means to the load, turn off the inverter, and turn on the static switch 
means to provide power tiierethrough from the Ap power system lines to the load. 

An uninterruptible power system connectable to an AC power system lines at its input terminals and to a 
load at its output terminals comprising: ; . 

(a) an auxiliary power supply battery;. . . . . ^ 

(b) a power supply path from the input tenminals to the output terminals to normally supply power from 
AC. power system lines connected to ths input terminals to a load connected to the output tenrnlnals; 

(c) switch means connected in the power supply path and responding to control signals for intenupting 
the supply of power through tiie power supply path from tiie AC power system lines to the load; 

(d) a main transfonmer having a primary winding and a secondary winding, tiie secondary winding con- 
nected at ite terminals to the power supply path between the switoh means and the output tenminals; 

(e) an inverter connected to receive DC power from the battery and connected to selectively provide 
AC power to the primary of the transformer when backup power is, to be supplied to tiie load and the 
switch means int rrupts tiie connection between the input tenminals and the output.temninals; 

(f) rectifying means for rectifying th voltage appearing at ttie primary of the ti-ansform r as a result of 
th AC voltage across the secondary of the transfonner when AC power is supplied through ttie power 
supply path from the input tenminals to the output t rminals. the rectifying means providing unidirectional 
voltage at a level nominally below the voltag I vel of ttie battery when fully charg d; 

(g) boost converter means, connected to rec ive the rectified voltage from the r ctifying means, for pro- 
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viding charging current to the battery, the boost converter means including an inductor connected in a 
conduction path between the rectifying means and the battery and a controllable switeh connected be- 
tween the inductor and a battery common return and including means for sensing the voltage across 
the battery and the current flowing through the inductor, boost converter m ans determining when the 
voltage across the battery drops below a selected level and then closing the switch to draw current 
v • through the Inductor and switch means until the current in th^ inductor reaches a selected level, then 
' opening the switch to cause the cunrent in the inductor to flow through a forward biased diode to the 
: : battery . to charge the battery for a selected period of time; and thereafter again closing the switch to 
. draw a current through the inductor and repeating the dosing and opening of the switch in a cyclic fash- 
ion until tha voltage sensed across the battery reaches a seledted level and then nriainteining the switch 
. . open.v; --. -^-f * ■ * - ... '\. 

23. The uninterruptible power system of Claim 22. wherein the rectifying means includes rectifying diodes con- 
nected to each terminal ofiheprinmry of 

. prthe other of thjB trarisfom to the bbost converter means, wherein the inverter comprises gate controlled 
switahing devices having parallel intrinsic diodes connected in an H-bridge configuration, with the DC pow- 
er from the tjattery connected on a DC bus across one side of the battery and returned to the battery 
through a common connection, and the other side of the bridge connected to the two terminals of the pri- 
rnary of the transfbnrier, arid wherein.th6 rectifying means includes' the intrinsic diodes of the H-bridge 
. ^ switching devices as* connected between common and the terminals of the transformer. 

24! An unihterruptiltrfe power system connectable to AC power system lines at input terminals and to a load 
at its output terminals comprising: ^ ' ^ 
' " (a) ah kuxOiary power siup'ply batery^ ' ' . :■ 

(b) a power sujiply path from the Input terminals to the output tenminals to normally supply power from 
AC power system lines connected to the input terrhinals to a load connected to the output tenminals; 

(c) static switch means connected in the power supply path for responding to control signals to interrupt 
the supply of power through the power suppi/ path from the AC power system lines to the load, th 
static switch means including parallel connected SCRs connected with opposite polarity in the power 
Supply path and gate drivers conhecte^^^ 

(d) a relay having a mechanical relaV' contact connected in the power supply path between the input 
terminals and' the static switch ^mi¥ahs; wherein the relay contact is opened or closed in response to a 
wrtirol signal prbvide^^^^^ ' * ■ - 

(e) means conhedted to receive DG' power from the auxiliary battery and for selectively providing AC 
power to the power supply path between the s 

(f) control nieans. cohhected tb 'prbviae SCRs of the static switeh means, to th 
relay, and to the means connected t9 receive DC power from the auxil iary battery and provide AC pow r 
to the power supply path, and indu^^^^ itieians for Sensing the voltage at the input tenminals of the power 

'. supply systenri to detehmine Whehan A^ 

^^ yiding contird signals to inh jbit the triggerih^ of the SCRs and cbritrolling the means connected to receiv 
! _ . DC power to reverse bias an SCR of the'stkrtic sWitch that may be conducting at that time and thereafter 
providing AC power from the battery to theioad. and after the SCRs of the static switch means are non- 
conducting, providing a control signal to the relay to open the relay contact whereby the relay isolates 
^ the powec supply path frorri the input terminals of the uninterruptible power system. 

^ 25. The uninterruptible power system of Claim 24, wherein the control means senses when there is no longer 
a I jne fault on the AC ppwer system lines and provides a control signal to the relay to close the mechanical 
coptadof ihe relay, and then discontinued the^s^^^ 

after provides control signals io the isCFfs oif tfie static switch to turn' them oh to resupply power from the 
^ AC power systeni lines to the load. ' ■ * , 

26. The uninterruptible poweir systerri of Claim 24, wherein the means connected to receive DC power from 
the battery and for providing AC power to the power supply path includes a transformer having its sec- 
ondary connect d in the pow r supply path between the static switch means and the. output terminals and 
also having a primary, .and an inverter bridge formed f gate controlled switching d vices connected to- 
gether in a bridige configuration connected to receive DC power from the. biattery and to provide AC pow r 
' to the primary of the transformer. - . . r /^' ; 
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27. An uninterruptibl power system connectabi toari ACpower system l ines atinputterrninalsandtoaload 
. at its output teminals comprising: 

(a) an auxiliary power supply battery; 

(b) a power supply path from the input terminals to the outputlenminais to nomially supply power from 
an AC power system lines connected to the input terminals to a load cbririected to the output tenninals; 

(c) switch means connected in the power supply, path for responding to control signals to interrupt the 
supply of power through the power supply path from the AC power system lines to the load; 

(d) means connected to receive DC power from the auxili^ry battery and for selectively providing AC 
power to the powersupply path between the switch means and the load, including an ihvertBr comprising 
gate controljed switching devices connected ia an H-bridge corrfiguration to receive DC power across 
one side of the bridge from the auxiliary battery and provide AC power across the other side of the bridge 
to the power supply path, wherein the H-bridge has four arms with switching devices in upper and lower 
arms of the bridge, with the DC input to the bridge from the battery being provided across the upper 
and lower anns. and with the output of the bridge being taken between the junctions between the switch- 
ing devices in the upper and lower arms on each side of the bridge, and wherein at least the lower anms 
of the bridge Include parallel connected plural gate controlled switching devices with the number of 
switching devices in each am of the upper arms of the bridge being less than the number of switching 
devices in each of the lower amrts of the bridge; 

(e) control means, connected to provide control signals to the switch means and to the gates of the gate 
controlled switches of the inverter means, and including nneans for sensing the voltage at the input ter- 
minals of the power supply system to detemnlne when a power line fault occurs, and upon occurrence 
of a fault for providing control signals to the switch means to Interrupt the connection of power from the 
AC power system lines to the load and providing control signals to the gates of the switching devices 
of the inverter bridge in a pulse-width-modulated fashion to generate an AC output waveform at the out- 
put tenninals of the power supply system, and wherein the control means controls the switching of the 
switching devices such that between pulses of output power provided from the inverter to the power 
supply path, the control means turns off the switching devices in the upper anms of the bridge and tur-^ 
on the switching devices in the lower arms of the bridge to allow current flowing from the Inverter r- 
load to freewheel through the switching devices in the lower arms of the bridge, whereby tb 

duty cycle for individual switching devices in the upper and lower arms of the bridge over s 
the invertor tends to be equalized. 

28. The uninterruptible power system of claim 27. wherein the switching devices in the H-bridge inverter com- 
prise power FETs- 

29. The uninterruptible power system of Claim 27, wherein the control means controls the switching devices 
of the invertor in a pulse-width-modulated mannerto provide a substantially sinusoidal output voltage wave 
at the output tenninals with the width of the pulses provided from the invertor selected to provide the de- 
sired sinusoidal output wavefonn with the waveform selected to match the waveform of the AC power sys- 
tem line voltage at tiie time a line power fault is detected so that a substantially continuous output voltage 
wavefonn is provided at the output tenminals during switch over from AC line power to power from the in- 
verter. 

30. An unintenuptible power system connectable to AC power system lines at its input tenninals and to a load 
at its output terminals comprising: 

(a) an auxiliary power supply battery; 

(b) a power supply path from the input temnlnals to the output tenminals to nomnally supply power from 
AC power system lines connected to the input tenminals to a load connected to the output tenminals; 

(c) switch means connected in the power supply path for responding to control signals to interrupt the 
supply of power through the power supply path from the AC power system lines to the load; 

(d) means connected to receive DC power from the auxiliary battery and for selectively providing AC 
power to the powersupply path between the switch means and the load, including an inverter comprising 
gate confrolled switching devices connected in an H-bridg configuration to roc iv DC power across 
one side of the bridge from the auxiliary battery and provide AC pow r across the other side of the bridge 
to the power supply path; 

(e) confrol means connect d to provide control signals to the switoh means and to th gates of the gate 
controlled switching devices of the inverter, and including means for s nsing the voltage at the Input 
terminals to determine when an AC power line fault occurs, and upon occunrence of a fault, for providing 
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control signals to the switch means to interrupt the supply of power from the AC power system lines to 
the load and to provide control signals to the gates of the switching devices of the inverter bridge in a 
pulse-width-modulated fashion to provide a substantially sinusoidal output vdtage waveform at the ^^^^ 

put tenninals with the width of the pulses provided from the inverter selected to provide a desired output 
5 waveform selected to match the wavefonn of the AC input power at the time a line p wer fault is detected 

,so that a substantially continuous output voltage wavefonn is provided at the output terminals during 
; . switchover from AC J[ne| power to pw 

31. The unintenuptibie pdwer system of Claim 30. Induding means for comparing the voltage across the 
' switching devices Iri upper amis of the H-bridge inverter to a reference voltage indicative of a maximum 
current flowing through the swi^^^^^^ switching 
^ V devices, and providing an ou^ signial If the voltalge across the switching devices exceeds the reference, 
the control means tenriinatlng the pulse of the pulse width modulsition by turning off the switehing devices 
j . when^ / 
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FIG. 6B 
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